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Executive Summary

Electricity markets employ open access and non-discrimination to foster competition, market

entry, and innovation. The physical characteristics of the electricity.system requ'ire explicit’

consideration of key elements in electricity market design. Pricing and settlement rules for the
real-time market must prowde efficient incentives, both for short-term operations and long-run
investment. The ERCOT energy- only market design emphasizes the need to get the real-time

prices right. The recent mnovatnon of the ERCOT Operating Reserve Demand Curve (ORDC})®

addressed .the fundamental problem of madequate reglon -wide’ scaruty pricing. that has
plagued other organized markets, which have exhibited madequate incentives both for reliable
operatlons and eff|C|ent mvestment

3

ERCOT employs an open wholesale eléctficityi market as the basis for’ short—tervm' reliable

electricity supply as well as for long- -term investments to maintain reliability in the future. A .

review of energy price formatlon in ERCOT leads to two important conclusions: (i) while the
'ORDC is performing. con5|stently within its de5|gn scarC|ty price formation is being adversely
influenced by factors not contemplated by the ORDC; (ii) other aspects of the ERCOT market
design must be "improved to better maintain priVate market response to energy prices as the
driver of resource investment, maintenance e‘xpenditulre and rétirement decisions.

The paper. identifies three general issues that have affected ERCOT energy prices in recent
yea'rs, and recommends policy and price formation improvements consistent with efficient
market design. These recommendations cannot reverse the impact of broader economic
trends, such as low natural gas prices, or national policies, such as subsidies for investments in
renewable resources. However, the stress of these forces has exposed areas where there is a
need for adjustments to pricing rules and policies within ERCOT.

System-wide Price Formation

* Marginal Losses: The efficiency of region-wide prices in ERCOT is distorted by the omission of
the marginal cost of transmission losses from ERCOT’s energy market dispatch and pricing.

. ORDC Enhancements: The system:wide ORDC calculation should be enhanced to address the
reliability impacts of changes in the generation supply mix and the price impacts of reliability
deployments.

Caryr o EXECUTIVE SUMMARY i
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Locational Scarcity Pricing

Out-of-Market Actions to Manage Transmission Constraints: Local scarcity pricing and .
mitigation rules require changes to properly set prices‘when there are reliability'unit'

commitments or other ERCOT reliability actions to manage transm|SS|on constraints; these

changes should not dlsable rules for local market power mitigation.

ADrspatch and Pricing for Local Reserve Scarcity: lntroductlon of local reserve requrrements A
|mp|emented through co-optimization of the energy dlspatch and reserve schedules would

prowde a market ‘solution to properly set prices when there are constramts on reserve
avallablllty in a sub-region. :

Transmnssron Planning and Cost Recoverv

Transmission Planning: Market-reflective policies for transmission investment should be
considered as a replacement for Texas’ socialized transmission planning, which, by building
new transmission in advance of scaruty developing, falls to provide the opportunity for
markets to respond o _ o

Transmission Cost Recovery AIternatrves for transmission cost recovery to replace or
reduce dependence on the summer- peak demand-based mechanism for the allocation of
sunk transmission costs would reduce distortion of energy market pricing.

An Appendix provides further de;éils on a formulation and computational approachlfor
calculation of co-optimized prices for energy and operating reserves with local reserve ’
requirements.

Copatiinn L, EXECUTIVE SUMMARY ii
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Energy-Only Electricity Market Design in ERCOT

William W. Hogan and Susan L. Popei
May 9, 2017

introduction: . * ="

The Electric Rehablhty Councnl of Texas (ERCOT) employs an open wholesale electr|C|ty market
as the basis for short-term reliable electricity supply as well as for long-term mvestments to
maintain reliability in the future. Texas introduced wholesale market competition in 1995, and
retail competition was subsequently implemented in 2002 under the requirements of Senate
Bill 7 of 1999. This was followed by the Texas Nodal reforms of 2008, which instituted the
exrstlng market structure in 2010. These initiatives were intended -to open the market to
competition, allow voluntary dec1snons about purchases and sales of electricity, and avoid
imposing excessive risk of resource expansion on consumers. The success of the Texas effort
has been widely recognized. The Public Utility Commission of Texas (PUCT) has been charged
to continue the imprbvement and efficiency of this enterprise to support markets and
competition. As reported by the Commission, “the competitive market has produced average
retail rates that consistently trend lower than those seen in other parts of the country in all
sectors” (PUCT, 2015).

The ERCOT market is an advanced example of an unbundled and restructured electricity market
run by an Independent System Operator (ISO), with competition at both the wholesale and
retail levels. A major innovation in ERCOT was the adoption of an Operating Reserve Demand
Curve (ORDC), in June 2014, as part of a continuing effort to improve the relationship between
electricity market prices and the underlying cost of reliable electricity supply. Electricity
suppliers in ERCOT receive direct compensation only from short-term energy markets, without

' additional revenue from a separate organized forward capacity market. Market participants
can arrange voluntary longer-term bilateral contracts to support investments and hedging, but
the incentives for these transactions depend critically on getting the prices right in the short-
term energy markets. Hence, payment for the provision of operating reserves and energy
during short-term periods of scarcity through the ORDC is a critical element of ‘the ERCOT
market design to support reliability.

%
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In October 2015, the PUCT launched a review of the performance of the ORDC to date and of

possible design changes to this innovation in electricity pricing." Modifications to the ORDC .

would be important in their own right, and would also be a gateway to improvements in other
. related features of the broader wholesale market design.? As a contribution to the review
process, the present paper addresses. possible changes in the ORDC, as well as other
opportunities to improve priée formation in ERCOT’s wholesale market design as a signal of the
underlylng cost of malntalnmg reliability. Among the challenges facmg the market are those
arising - -from mcreasmg energy supply from subsidized . renewables as well as continuing
challenges, such as transmission investment and cost recovery, and the persustent Iower cost of
‘the wholesale market’s marginal fuel (i.e. natural gas), which’ results in lower _energy and
‘ ‘ancillary service revenues

Lower natural gas prices'and the proliferation of renewables in ERCOT have changed market

fundamentals and transformed the balance sheets of electricity generation owners in the .

regién These ‘changes in fundamentals cannot be reversed, nor is it the purpose of good
market design to attempt to reverse the fundamentals or unwind what is already done. But,
just as one would be concerned- about high prlces, persistent pressure on pricing outcomes

motivates an examination of whether the market design and price formation rules in ERCOT

could be fmprove_d in support of greater efficiency and sustainable electricity markets.

A primary motivati'on for this review was an assessment of the operation of the ORDC. A broad

conclusion is that over the more than two yeats since implementation, operation of the ORDC

has been consistent within the context of its basic design. However, it is also evident that there
are factors external to the ORDC that are influencing' scarcity prices and price formation in a
meaningful way. In regards to specific ORDC E)erformance, ‘there have been periods of
operating scarcity and corresponding higher energy prices, but the average effect of ORDC on
prices has been small. This result is'consistent with the high operating reserves used as inputs
to the ORDC. A closer examination reveals impacts on supply and demand which often inflate
reserves and suppress ORDC price adders. In short, the ORDC is working within the context of

its design, but it is influenced by numierous external factors and it has not been severely tested.

Figure 1 summarizes our recommendations for price formation reforms in ERCOT. The current
design of the ORDC incorporates simplifications and assumptions that could be revisited. The
present paper considers possible modifications to the minimum reserve level “X”, the value of
lost load, the loss 'of load probability, and the calculation of available reserves. With regard to

Lpuct Project 45572, “Review of the Parameters of the Operating Reserve Demand Curve,” launched at the Open
Meeting of October 8, 2015.

2 Bryant, Mark, Julia Harvey and Jason Hass, PUCT Memorandum, “PUCT Project 45572--Review of the Parameters of the
Operating Reserve Demand Curve,” April 1, 2016.

{
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the current ORDC implementation, improvements to price formation appear possible through
the modification of the loss of load probability to take account of the uncertainty accompanying
high levels of intermittent resource output, and logical modifications to exclude the capacity of
out-of-market deployments from the estimate of reserves.

Figure 1
Price Formation Reforms
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In reviewing the performance and extensions of the ORDC, other critical elements of the ERCOT
market design arise as issues on their own merit. The lack of marginal-loss pricing creates a
persistent distortion in locational prices and in the real cost of sérving load. A marginal-loss
price component could accumulate to have an effect on locational prices of the same order of
magnitude as the effect of marginal congestion, which is included in both dispatch and pricing.
Reliability constraints can create perverse conditions when they induce out-of-market actions,
such as reliability unit commitment, that, in combination with market power mitigation, result
in lower, not higher, market. prices.’> Finally, out-of-market transmission plahning and

2 The Appendix presents a formulation for the co-optimization of energy and reserves that includes the computation of
local scarcity prices to complement the region-wide ORDC in order to begin to correct the lack of market-based
alternatives for responding to local reserve scarcity conditions

B e e e N INTRODUCTION 3
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expansion occurs ahead of the development of scarcity and diminishes the scarcity price signals
that would lead, in the alternative, to market-based.investment. Furthermore, the allocation of

sunk transmission costs based on peak period usage leads to price suppression as well as.

* welfare loss as market loads make expensive decisions to avoid allocations of sunk transmission
costs that cannot be avoided in the aggregate. -

‘ Addressmg these market desngn issues should be part of the contlnumg PUCT and ERCOT
agenda for gettmg the prices right. The discussion below addresses these related issues under
the general grouping of system-wide pricing matters, local requirements and scarcity pricing,
and"trairi.srﬁission planning and cost allocation.

The béckground for all this discussion begjns \‘Nith‘ the basic eleétricity market deéign

framework. Before addressing the possible” reforms, the next section summarizes the

foundations that drive the ERCOT energy- only market design for reliable and efftcnent
operatlons supported by a compatlble system of efficient prices.

Cormont vl S lorsge g, Ing . 20 INTRODUCTION 4
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Foundations. -

The design of the Texas electricity market embraces the principles of open access and non-
discrimination. The underlying premise'ofithis approach is that if all market pafticipants have
comparable access to the inherently monopoly elements of the electricity system, namely the
transmission and distribution systems, then they can compete on a level playing fleld to buy,
sell, and trade energy and thereby achieve economically efficient market outcomes. Because of
"the complexnty of the electricity system, with the underlying engineering rehablhty
requirements interacting with the physics of how power flows from supply sources to load
_sinks, the electricity sector is unique in combarison to seemingly similar markets, such as for gas

< supply, in the requirement for some significant degree of central coordination in support of this-

open access (Hogan, 1992).

After m@ch debate and several false starts, a model has emerged for how a centrally-organized
eiectricity market can be designed to provide open access and non-discrimination in pﬁrsuit of
economically efficient operation and investment. A key requirement is for an efficient real-
time market desngn which is |mportant in its own right, and also because the expected prices in
the real-time market provide the basis for investment and contractual decisions in forward time
periods. Market participants will anticipate real-time conditions and make forward decisions,
such as mvestmg in new plants or signing contracts for future dehvery, which recognlze the
market determinants of real-time prices and associated settlement payments. A well-
functioning real-time market  will encourage efficiency in investments and other business
arrangements in forward markets. Conversely, if real-time prices are not consistent with the
basic practices of operators to maintain efficient and reliable electricity sysfem operation,
market participants will identify profitable opportunities to exploit the predictable
inconsistencies and the actions that system operators will need to take to maintain reliable
operation. The resulting inefficiency and threats to reliability can in turn lead to pressures to
restrict access or discriminate among market participants in order to prevent unintended
outcomes or an unravelling of the intended market (Hogan, 2002). A good real-time market
design with efficient prices should be the first focus of an organized wholesale electricity
market.

The following sections describe the foundational elements of efficient electricity market design,
to serve as a touchstone for assessing the impact of factors that could undermine price
formation and also of possible improvements. The core features of the ERCOT market design
reflect these elements, but the presence of factors that frustrate price formation is apparent.
The opportunities for improvement of this design are important, but should build on, rather
than replace, what Texas has already accomplished.

Coapvet T agtilte, FOUNDATIONS 5
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REAL-TIME WHOLESALE MARKETS .

- The overarchmg market desngn framework for real- tlme markets follows the structure of a bid-
based, security-constrained economic dispatch. Market part|c1pants provide the system
operator with schedules for energy transactions from generation.and Ioad including bids and
offers to change load and generation from any announced schedules Thls can include bids-and
offers made independently of any formal schedule. The system operator treats these bids and

offers as representing the best estlmate of variable costs, and chooses the dispatch (i.e., the

schedules for load and generation in an interval) that_ reflects the physical operating and

security constraints in the system, as well as any announced schedules, and maximizes the sum.

of the net benefits defined as the value of the scheduled load as expressed by the bids.and”th'e
cost of the scheduled generation as expressed by the offers. In the absence of price-responsive
demand, the dlspatch simplifies to minimization of the generator offer cost of meetmg a fixed
Ievel of forecast ioad.

The term of-art for this structure is “economic dispatch” and the industry has been using th|s
principle for efficient electricity system operations since long before the creation of open-
access electricity- markets. The innovation for markets was to price the real-time schedules
determined |n the -economic dispatch according to the conditions.of the economic clispatch,
including the impact of transmission congestion and marginal losses. Security constraints and
transmission power flows can sometimes create significant congestion in this system. Marginal
line losses also determine the cost of moving power from one location to another. The result is

a system-wide set of prices that differ by location in the system, often known as locational

marginal prices (LMP). An LMP is the marginal cost of serving an increment of load at a location
on the system from available supply, including the marginal cost due to transmission
congestion and line losses. These LMPs are the only prices that are consistent with the
ecohomic dispatch. The meaning of this consistency is important: in the idealized case, if
generation at the location is paid according to these prices, then there is no economic incentive
for the generation to .produce a level of output in an interval differing from its-economic
dispatch schedule. Similarly, if load is charged these prices, there is no economic incentive for

the load to consume a different quantity in an interval than the efficient economic disbatch_

outcome. In this sense, the LMP prices are the only prices that can lead market participants to
voluntarily transact in alignment with the efficient market dispatch outcome; the payment of
the price is sufficient, without the need for side payments, penalties, or other rules. This “is the
electricity spot pricing model that serves as the benchmark for market design — the textbook
ideal that should be the target for policy makers. A trading arrangement based on LMP takes all
relevant generation and transmission costs appropriately into account and hence supports
optimal investments” (International Energy Agency, 2007).

worrant e b b s FOUNDATIONS 6
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The real-time market with LMP pricing creates the opportunity to solve the difficult problem of
defining and implementing transmission rights in the electricity system. Although it is not
possible to define or use transmission rights to control the actual flow of power because of the
complex interactions in the power flows, it is possible to define a financial contract that
provides the needed corriplement to contracts for energy defined at a location and priced
based on LMPs. The financial transmission right, known as a Congestion Revenue Right (CRR) in
ERCOT, entitles the holder to collect the congestion price difference between two locations
(Hogan, 1992). Like a physical transmission right, market participants can buy CRRs between
two locations to effectuate a contract to buy power at one location for delivery or consumption
at a second location without net payment of a real-time transm|55|on charge.

The basic design of bid-based, security- constralned economic- dlspatch with locational prlces
and financial transmission rlghts has been adopted by all the organlzed markets in the United
States, mcludmg ERCOT. The lessons of the failures along the way were expensive (Hogan,
2002), but the failures reinforced the basic message about the importance of the fundamental
elements of the design.

Althbugﬁ there Would be efficiency gains from .operating an electricity system with only a real- ‘

time LMP market, a common feature of electricity markets is to extend the design to include
one or more forward markets, such as the day-ahead organized market, as well as markets for
ancillary services. These arise because electncnty market operating decisions include choices
which are necessarily discrete, such as forward unit commitment decisions. Extensions of the
market design also arise because electricity market outcomes are affected by and invoke trade-
offs in consideration of long-term investments, such as major transmission line expansions, that
must invoke additional pricing and cost-recovery decisions. The details of the design extensions
described in the following sections depend on the particular region, but the essential principle
is for the design to result in outcomes as consistent as possible with the choices that would
result from the operation of an efficient market.

DAY-AHEAD WHOLESALE MARKETS

The design of day-ahead wholesale electricity markets reflects the need for compatibility with
the real-time market. The day-ahead market includes the same basic framework of bids and
offers for energy. The resulting economic dispatch produces day-ahead locational prices and
the associated day-ahead load and supply dispatch schedules. The day-ahead market is settled
at the day-ahead locational prices and creates a set of short-term forward contracts, i.e.,
contracts to inject or withdraw .the day-ahead scheduled quantities in real-time, or pay real-
time prices for deviations. '

The day-ahead market provides increased flexibility for scheduling load and generation. Given
an efficient real-time market, day-ahead market designs can accommodate both physical and

Lopyrig e AL FOUNDATIONS 7
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financial decisions and evaluate them in respect to transmission constraints on power flows and

other constraints to insure reliability. Unit commitment and related physical decisions are made

day ahead in the context of efficient forward-trading of energy, resulting in day-ahead
settlements providing price certainty for entities making discrete operating decisions in the

day-ahead time frame Unlike unit commitment, before real-time, energy trading is essentlally a.

flnanual transaction. Forward agreements to buy or sell energy in real-time will be settled with
real-time deviations between the-real-time dispatch and day-ahead schedules _priced at-the

- efficient real-time prices. This allows day-ahead and other forward markets to include so- called '

I”

“virtua bldders that work through financial contracts; driving equilibrium in prlces between
forward markets and the expected prices for the real time physical dispatch. Because forward
markets for energy do not involve ‘physical dellvery, they can include'a wide array of virtual

: partlupants |mprovmg market liquidity for physical loads and generation and. reducing the.

'potentlal for any exercise of. market power by increasing the number of market buyers and
sellers (Hogan 2016).

&

"With the mtroductlon of a day-ahead market in addition to a real time market, the day -ahead

prices are used to settle the CRR in the day ahead market; the CRRs are not settled in the real-
time market. In effect, the CRRs are reconflgured in-the day- ahead ‘market as transmission
schedules for the real-time market This precludes settling the CRRs at real- tlme prices, which
would amount to selling the transmission capacity twice. However, any market participant that
wishes to settle its CRRs at real-time prices can do so by submitting Point-to-Point (PTP)
Obligation bids into the day-ahead market. Awarded PTP bids are day- ahead schedules, for
which the market participant will be charged the day-ahead prices, with the congestion
component covered by the day- ahead settlement of its corresponding CRR. The CRR is thus
reconfigured into a day-ahead transmission schedule conveying the real-time obllgatlon to buy
power at one location for delivery or consumption at a second location without payment of a
real-time transmission charge. '

This basic structure adapts to account for any sequence of forward markets. For example, with
day-ahead and then hour-ahead markets, at each stage the forward dispatch with associated
locational prices creates a set of contracts that could be settled at the prices in the subsequent
stage.

Again, in the idealized case, all that would be required to ensure efficient operations and
investment is the day-ahead market functioning based only on competition through bid-based,
security-contained, economic-dispatch with locational prices and financial transmission rights.
But complications arise because of deviations from the assumptions of the idealized case. In
particular, unit commitment decisions can be large enough to have a non-marginal effect on
prices and require some intervention to deal with the differences from the pure marginal cost
pricing case (Gribik, Hogan, & Pope, 2007). Similarly, the system operator may need to commit

Conssuhing ne. 2007 FOUNDATIONS 8
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some units to meet reliability constraints {i.e. Reliability Unit Commitment) that may not be
represented in the dispatch model.

These types of decisions can create a deficiency in the LMP revenues .paid to suppliers
compared to the full offer based costs they would incur to _produce thelr least cost dispatch
schedules. For pricing, this deviation creates an essential requrrement to combine reasonable
approximations of prices based on pure marginal costs-and marginal benefits with related
additional payments needed to maintain the incentives of load and generation to follow their
dispatch schedules For example, generators committed in the day-ahead dispatch may not
recover their full start- -up costs through only the LMPs paid for their energy injections. The
revenue deficit would provide an incentive to not part|C|pate in the dlspatch But additional
payment of the deficit in addition to the marginal energy price can restore consrstency between
the total revenue the generator receives and the cost it incurs when it follows its dispatch
schedule. These are known as “make-whole” payments because they must be recovered
through an addrtronal charge on top of the price for energy to ensure a generator s revenue is
at least equal to |ts offer costs.

¢

ANCILLARY SERVICES .

:The |deaI|zed energy. market desrgn often abstracts from elements of operatrons that are
necessary for secure operation of the transmrssron grid and the rest of the electricity system.
These added services deal with a variety of requirements that are relatively small scale,
compared to the total energy flow, but are essential for maintaining reliability, efficiency, and
compliance with mandatory national standards.

v

For example, fast standby reserves must be available for quickly responding to unanticipated
forecast deviations or contingency events. Sudden loss of a generator must be addressed
quickly by increasing output from other generators or decreasing load. The standby resources
provide operating reserves necessary to meet the fast response reliability requirements of the
system.

Operating reserves and other services go under the general heading of ancillary services. The
fundamental market design principle is to dispatch and price these services in a manner that is
consistent with the basic market design and avoids significantly changing other efficient
incentives for energy load and generation. ‘

Application of these principles to the case of operating reserves illustrates the'point through
the development of the ERCOT ORDC, as discussed below.

MARKET POWER MITIGATION

With competitive price-taking market participants, individual operating decisions can be left to
respond to the incentives of the efficient real-time and day-ahead prices. When there are
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market conditions during which some market participants can manipulate prices, interventions

may be required to prevent such strategic behavior and ensure efficient‘,ont‘comes. The

objective is to design market power mitigation mechanisms to make them compatible with the -

_basic efficient real-time and day-aheéd wholesale markets.

Market participants may vexervcise market power in their bids and offers for a subset of

transactions to manipulate prices and profit from related transactions. The canonical example is

the case of a large generator that can withhold some of its production, increafse the market-

cIearmg price and enjoy hlgher prlces on the portion of its generation that is not withheld. If

prices can be increased enough then the increased profits on, the actual production could be

: sufﬁcnent to outweigh the loss on ‘the w1thheid supply The result would include higher prices
for load and higher total real costs for the dlspatch :

As a ‘condition for., participating in the organized electricity marlgets, "reguletions typically
provide mechanisms for mitigating or preventing the exercise of market power. The example of
. the large generator provrdes a convenient illustration of the principle of designing the market
|ntervent|on to be as consistent as pOSSIbIe with the overall efﬁcnent market design.

. An initial response to mitigate market powef is often to place a cap on the market price
outcome, thereby preventlng the increase in market prices that would be sought by a supplier

.seeking to profit from exercising. market power However, this price cap could create
unintended’ consequences if not set at the right level to reflect actual operating condltions and
system-wide or local scarcity in the real-time market )

An alternative approach developed early in ele(':tricity markets is to impose an offer cap for
capacity with the potential for exercising market power, in place of a price cap for.everyone.
The offer cap is combined with a must-offer requirement to avoid physical withholding of
supply. The purpose of an offer cap is to insure the capacity offered is made available for
dispatch at a reasonable estimate of the variable cost of the generator plus a reasonable risk
factor considering current operating conditions. In the actual dispatch, the market-clearing
price. may be much higher than the offer, and may well be higher than would be
accommodated by a price cap. But even if the price rises above the offer cap, as long as the
offer cap is in place, the generator is not exercising market power, and the generator would be
paici according to the market-clearing price, not the offer cap. The offer cap only determines if
the generator is dispatched, but not what it is paid as the market-clearing price. If there is an
effective mechanism for determining the market-clearing price, then the result is the same as
the competitive outcome without the exercise of market power. This offer-cap approach to
market power mitigation sounds similar to a price cap, but it is fundamentally different. The
offer-cap approach arises from close consideration of how to design a regulatory intervention
that incorporates and better reflects efficient market design. The existing ERCOT market power
mitigation approach uses offer caps as a primary tool, and even exempts small generators
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(“small fish swim free”) who presumably cannot affect the system-wide market price and would
not phy5|cally withhold their generation due to the risk of havmg a portion of their portfollo not
commltted

INFRASTRUCTURE INVESTMENT

Under the basic competitive electricity market design, investment decisions for generation and
load are left to the decisions of market participants based on their own evaluation of future
market prlces and opportumtles This is a crltlcal component of the energy-only market
approach in ERCOT.

Investments in other types of infrastructure present’ compllcatlons for efficient market
operations, as they may affect the efficient energy market price 5|gnals that are the Ilnchpln of ’

the basic market design. For example, transmission investments can preempt more economlc
vmarket' solutions for reliably serving load and have a material effect on market prices. This
compllcated problem is created by a regulatory structure where transmission investments are
generally made mandatory, often planned through processes that are not well mtegrated wnth
those focused on the sustamablllty of efficient electricity markets, and receive a guaranteed
rate of return. Market mvestments by suppllers or loads are expected to compete with
transmission investments recelvmg rate-base returns. The’ design of investment policy for
transmission that supports efﬁcnent markets is a challenge in aII existing energy markets.

An important characterlstlc of open markets and competition is the role of voluntary choices in
the purchase and sale of power. Market participants are responsible for and bear the costs of
their decisions; conversely, they should not be subject to cost responsibility for resource
investments where they have little or no control over the decisions. This market discipline is
relatively easy to maintain for load and generation, where the costs and the benefits flow to
those who make the consumption and investment decisions.

Transmission investment is perhaps the most difficult element to cover under the principle of
structuring the rules to result in choices that are as close as possible to the efficient outcomes
that would result from competition within the underlying market design, and then handling the
rest of the market intervention in ways that have the least impact on efficient market choices.
However, the logic still applies in the transmission case. This is best illistrated by the approach
in the New York tariff (NYISO, 2007);(Hogan, 2011), which follows this principle.

The essence of the New York approach is to balance market incentives and the need for
regulation to deal with large scale transmission projects that can give rise to free-rider
concerns. Market participants can make transmission investments as merchant investments
that depend on future market revenues to finance the project. The revenues could come in the
form of voluntary ex-ante contracts between transmission developers and generators that
benefit from higher prices and loads that benefit from lower prices; an additional revenue
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source for transmission development could be future CRR revenues. This works well for smaII

projects where enough of the beneficiaries can collaborate and the beneficiaries vquntarlly pay’

for the project, so long as the contractual payments are not a loss-taking attempt to exercise
market power. For large projects that affect many beneficiaries, this merchant approach may
. not work because there are too many “free riders,” which is a situation in which parties do not
voluntarily offer to pay a share of the project costs commensurate with their individual benefits
with the hope that others will pay and they will be able to reap the benefits without paying any
costs. Here the regulator must intervene to evaluate costs and benefits. When the benefits are
greater than the cpsts, the project should be able to command enough support to sustain a
supermajority vote of beneficiaries who favor the project. The votes are weighted in proportion
to the estimated benefits and if. a supermajority is obtained, the transmission project goes
forward and ‘all the beneficiaries pay for the costs of the project in proportion to their deemed

benefits. The payment is not voluntary for any in the minority that opposed the project. In the

event that a supermajority of the beneficiaries cannot be obtained, the project fails the market
support test and does not go forward. In all cases, those who do not benefit do not pay; and do
not vote. Involuntary payments for transmission investment are'required in the limited case
only to deal with free-rider concerns for a small minority of the beneficiaries.

The issue of the appropriate approach for infrastructure investment will be important on the

national agenda where major transmission expansmns are a subject of continuing discussion.

(Department of Energy, 2017). The major recent investments for transmission expansion in
ERCOT are sunk, but the manner of the cost recovery may impact current decisions, and future
developments may raise the profile of transmission investment decisions and the interaction
with efficient market design. Costs socialized across all market participants undermine efficient
incentives and should be avoided whenever possible.

GETTING THE PRICES RIGHT

Subject to this fundamental framework, the challenge .is to design the necessary additional
market features to be as consistent as possible with the efficient market design and to minimize
any distorting effect on future efficient decisions (Hogan, 2014). This-in itself can go a long way
to support the energy-only approach as found in ERCOT including the factors currently
impacting price formation. The discussion of the design of the ORDC illustrates a practical
application of this principle.
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!

ERCOT Energy-only Markets s <"~ =7

In the early phase of unbundling and creation of an organized electricity market, ERCOT
deployed a zonal model based on the assumption that locational differences in marginal costs
of incremental electricity supply or demand within a zone would be unimportarit and could be
ignored. During periods when this assumption proved to be materially incorrect in ERCOT, as
elsewhere, the market pricing design created perverse incentives inconsistent with the

management of system reliability and soon ‘became unsustainable. The response was to

implement a fully nodal model in ERCOT using the essential elements of bid-based, security-
constrained, economic dispafcch (Potomag: Economics, 2011).

Although this major reform implemenﬁng nodal pricing addressed the most serious of the
perverse incentives of the earlier zonal market desién‘, the ERCOT market eventually developed
evidence of an implementation problem in pricing during scarcity situations; similar issues were
observed in other ISOs. Although the basic design worked ‘well when the system was not
stressed, in most markets a wide variety of implementation details'/combined to s.uppress prices
when systems encountered a scarcity of supply to meet either regionai or local demand
(Joskow, 2008). Examples of these détails_includé price caps, uneconomic out-of-market
- reliability actions, uneconomic reserve requireménts, the treatment of block-loz_adéd quick start
units in price formation, and the absence of demand participation. The result was the “missing
money” problem wherein electricity prices did not rise high enough and often enough to
support economic investment in generating capacity and required maintenance of existing

supply.
PERSISTENCE OF MISSING MONEY

The underlying theory of the original market design included demand participation through
bidding by load of its willingness-to-pay. During periods of supply scarcity, when capacity was
fully utilized, prices would rise and demand would voluntarily reduce to clear the market. In
these capacity constrained periods, demand would set price and the price could be materially
higher than the variable cost of the most expensive plant running. Within this framework, the
price effect would be adequate to support economic investment and there would be no missing
money.

For a variety of reasons, including interventions to mitigate price increases, this demand
participation did not appear, and is still developing slowly. The biases summarized by Joskow
continued to hold sway to keep market prices low. The resulting missing money problem affects
the incentives for new generation investment, retirement and 'maintenance and was identified
as a threat to resource adequacy. A policy response in many other markets was to develop
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various forward capacity market options to prowde a mechanlsm for makmg addltlonal
payments for capacity to support adequate investment.

The turn to capacity markets would have been a major change in 'qhe' ERCOT policy to maintain

an “energy-only” market design. When the missing money issue became salient in ERCOT, the
respon.‘se was to review the experience with capacity markets elsewhere and to look for options
that could preserve the energy-only market design (Newell et al., 2012). The ERCOT approach
would address the pricing problems directly by rﬁaking important changes in the nodal market

_design to produce pricing incentives sufficient to maintain reliability. The: most significant
inhqvation was the treatment of scarcity priciﬁg throd’gh the introduction of an ORDC that
would help mitigate the effect of the missing demand participation.

'

OPERATING RESERVE DEMAND CURVE - ' o Lt

The ERCOT |mplementat|on of an ORDC illustrates the importance of carefully consndermg the.
interactions among the basic components of the successful market. design in order to respect

the fundamental principle of getting the prlces right.

The theory of efficient electr|C|ty market de5|gn which is the startmg pomt for the ORDC,
focuses on the dlspatch and pricing of energy supply and demand. Other ancillary services could
be included in the basic design, but were usuaIIy addressed in a S|mple way. Operating reserves
were a case in point prior to the ORDC. The basic model assumed a flxed reqwrement for

operating reserves. Optimization of schedules for sqppllers (and possibly dlspatchable load) in

the security-constrained economic dispatch produced a related scarcity price if this fixed

fequirement for operating reserves was an active constraint on the dispatch. The scarcity price .

rose as more expensive supply or demand resources had to be dispatched in order to maintain
the required levels of operating reserve. For instance, if price-responsive d;emand was deployed
in the dispatch because the price rose above its bid (i.e., its willingness-to-pay), these demand-
side bids would set both a high energy price and a high implied scarcity price for operating
reserves when the system was stressed.

Absent material demand-side participation, ERCOT reconsidered the treatment of operating
reserves, rather than creation of a capacity market, to address the missing money arising from
energy-only pricing. Rather than treating operating reserves as a fixed requirement, where
reserves above the minimum amount would have zero value, it recognized that in electricity
system operation there is an underlying scarcity value to reserves at levels above this minimum
amount. The scarcity value of operating reserves of differing levels could be calculated and
included along with electricity supply and demand in the economic dispatch. The relationship
between scarcity value and reserve levels, i.e., the ORDC, incorporates a more granular
estimate of the willingness-to-pay to meet operating reserve reliability requirements and
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produces a market-clearing scarcity price that- reflects the value of remaining operatiné,

reserves. .
Figure 2
Operating Reserve Demand
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The ERCOT ORDC shown in Figure 2 combines two types of operating reserve requirements.
The minimum quantity of reserves required for system security, represented by “X”, is a limit
that is the minimum allowable MW to meet the standards defined to avoid cascading system
failures. In principle, if the level of operating reserves starts to fall close to this limit, the system
operator, should curtail load in order to preserve the necessary reserves. Hence, at this
minimum reserve level, the marginal value of operating reserves would be the same as the
value of lost load (VOLL), since a 1 MW increment in reserves would prevent the shedding of 1
MW of load. )

Above this minimum level of reserves, X, which is 2,000 MW Figure 2, the economic value of
incremental operating reserves falls. Above X, the system operator will not be actively shedding
load, so the value of operating reserves depends on the probability that this might happen, i.e.,
the probability that the system will move into the condition where reserves would be less than
the minimum required. For the range above X, the value of incremental reserves is equal to the
loss of load probability (LOLP) multiplied by the value of lost load. This basic LOLP relationship is
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familiar from tradltlonal industry planning models, with the added modlﬁcatlon of the need to
respect the minimum contingency limit (X).

In a full implementation, the ORDC would be included in the normal.real-time energy dispatch
and co-optimization of energy and reserves and would create a scarcity price, i.e., the marginal
price of operating reserves. When the marginal cost of dispatching additional reserves was less
, than'the margin'al value in avoiding a loss of load, where the latter is as expressed by the ORDC,
additional reserves would be dispatched. When the cost of incremental reserves rose above the
incremental value, less would be dispatched. Because a MW of most capacity can supply either
energy or reserves but not both, the clearing price fof operating reserves is naturally mirrored
in and consistent with, the energy settlement price; as the marginal value of reserves mcrease
" so must the marginal value of energy. Through th|s relationship between reserveand energy
pricing, the marginal value of incremental [reserves is paid to all capauty dlspatched to supply
energy in an interval, not just the capacrty desrgnated as operatmg reserve (ERCOT 2014).

IMPLEMENTATION CHOICES: NO ‘co- OPTIMIZATION OR LOCAL ORDC

In ERCOT a decrsnon was made, for simplicity, to implement the ORDC and reserve scarcnty'

pricing wrthout full co-optimization in the dlspatch of energy and operating reserves. Instead
the marglnal value of reserves is calculated for each dispatch mterval based on the value of the
ORDC for the quantity of physically responsive reserve. capacity for the interval, and the
resulting price is added to each MW of res‘erve‘s or energy scheduled in a dispatch interval.

An important assumption in the ERCOT ORDC implementation is that all reserves in ERCOT are
~equally valuable in maintaining reliability. The ORDC.p‘rice is, by definition, the price of scarcity
resulting from the probability of failure to balance load and generation system-Wide. The LOLP
underlying the ORDC is estimated for the 1SO as a whole, as the probability of ERCOT needing to
shed load in the real-time dispatch given varying levels of region-wide on-line and off-line
reserves. The possibility of operating reserve demand varying locally within ERCOT was
discussed at the time ORDC was implemented, but was not pursued.

The ERCOT ORDC produces a number of benefits and represents a leap forward in the design of
the scarcity pricing mechanism in ERCOT. Through the economic dispatch, the ORDC
determines the scarcity price of reserves and the consistent energy price for all energy. It is
consistent with dispatchable demand, and would provide efficient incentives for demand to bid
into the dispat_ch. Furthermore, the ORDC is cornpatible with offer curve mitigation to deal with
any system-wide market power concerns, and clearly distinguishes between cases of high
ERCOT-wide prices because of underlying capacity scarcity versus high prices because of an
exercise of market power. In principle, the ORDC addresses ERCOT-wide scarcity pricing and the
resulting missing money needed to support at least all economic investment in capacity (Hogan,

2013). The ORDC is not designed to support investment that is not economic given the
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reliability levels implied by the estimated LOLP. However, as discussed at length below,
numerous factors external to the ORDC influence its performance as a scarcity pricing
mechanism. '
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Challenges fo:Energy.Price:Formation:’

In ERCOT’s energy- only market, suppliers are pa|d for sales of energy and ancnllary servnces
with additional adder values for scarcity as reserves diminish (ORDC) or rellablllty actions affect
prices (Reliability Deployment Price Adder).* Under the energy-only market design these
payments are intended to provide compensation for supply to be available — of the right type
and in the right location - for reliable system operation.

In the ERCOT market, distortions to the energy price are evident and must be addressed by
identifying and correctlng their origin in energy market operations or prlce format|on
Sustaining the energy- only market design requnres that pricing reflect and be con5|stent with
the value of energy and the cost of actlons occurring, or that need to occur, to maintain
reliability. . . ) 5

The data in Figure 3 show the recent trend in locational prices at the Houston Hub, inclusive of

.the ORDC adder and the Reliability Deployment Price Adder. "There has been a noticeable '

decline in energy prices since 2014. The downward shift in prices over time is the result of many
factors, some of which are structural and are unrelated to the energy-only market design,
although they interact with it. Subsidized wind had a meaningful impact for the first time in
2016. In addltlon the decline in natural gas prices accounts for a substantial amount of the
reduction in energy prices and financial pressure on inframarginal rents for. non-renewable,
dispatchable producers in Texas. Potomac Economics reported that 2016 natural gas prices in
ERCOT were at their lowest level for 15 years, and that the average real-time price in 2016 of
$24.65 per MWh was the lowest on record for ERCOT, going back to the start of the zonal
market in 2002.° These important market conditions have a material impact, but they do not in
themselves indicate a problem with the market design assuming pricing outcomes are the
direct result of the market cond|t|ons Low prices due to market fundamentals are a sign of
effective market operation.

¢

* ERCOT NPRR 568, “Real-Time Reserve Price Adder Based on Operating Reserve Demand Curve,” approved November 19,
2013, and ERCOT NPRR 626, “Reliability Deployment Price Adder,” approved August 12, 2014, ~

3 Megawatt Daily, “ERCOT sets price, wind records in 2016: IMM,” February 15, 2017, p. 4.
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Figure 3, -
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Below we examine other factors suppressing or altering energy prices in ERCOT that are not the
result of broader economic changes. These effects are separate from market fundamentals and
highlight remaining market design challenges. Some issues impacting the energy-only markets
are the result of federal or state-level statutes or regulations, such as production or investment
tax credits for wind and solar producers. Other issues lie within the jurisdiction of the PUCT and
impact the energy-only market, but are not part of the energy-only market design. An example
of this is the process for transmission planning and cost allocation. Finally, there is a third class
of issues, lying clearly within the domain of the energy-only market design. Several of these
center on the relationship between prices and ERCOT actions to maintain reliability, suggesting
the need for improved local scarcity pricing, including the possible introduction of local
operating reserve requirements. A further feature distorting the critical linkage between prices
and the cost to deliver electricity is the omission of marginal losses. Without regard to the
origin of the issues, the purpose here is to describe the price formation impact and to consider
how it must be addressed as a market design problem with the objective of getting the prices
right.

T
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'The discussion below of challenges to price formation is organized around three topics:

» System-wide Price Formation: The impact of subsidies for renewable resources and other
out-of-market influences on ERCOT’s region-wide dispatch and prices. This section'preéents
important improvements to address région-wide: prfce formation issues, including
-adjustments to the system-wide ORDC consistent with the reliability impacts of changes in

" the generation supply mix and out-of-market commitments, and the addition of the cost of
marginal losses to ERCOT’s .energy market diépatch and pricing consistent with the best

‘ practice in all other U.S. ISOs. ‘

* Local Scarcity Pricing: The lack of prlcmg mechanisms to value ERCOT actions to maintain
local (as opposed to reglonal) reliability. A review of local prlce formatlon in the event of a
reliability unit commltment partlcularly in combination with the mltlgatlon of local market

power, shows the clear need for market rule changes to ensure that energy prices rise, rather

than fall, in regions experlencmg local scarcity. This section proposes important changes to
- ERCOT price formation to value scarcity when out- of—market actions occur to maintain local

reliability during conditions of transmission scarcity or when Iocatlonal operatlng reserves

diminish.

* Transmission Plannihg and Cost Récbvery: The effect of ERCOT’s policies for transmission

. investment and cost recovery on price formation. This section motivates an urgent need to
consider alternatives to socialized transmission planning and cost recovery to avoid
unintended subversion of ERCOT's ‘market- drlven model for generation investment and the
distortion of energy-only prices through the cost recoﬂvery rules for sunk transmission costs.

A technical Appendix provides details on a formulation and computational approach for the
calculation of co-optimized prices for energy and operating reserves with local reserve
requirements.
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System-wide;Price:Eormation‘ Issues:,

. Policies outside the scope of the basic electricity market design have a significant impact on the
results of efficient markets operating under these policy umbrellas. A first grouping of policies,
includes those that subsidize renewable resources, }en'_ergy efficiency and dema‘nd response
with funding from'sources outside of the energy-only market. As a result, the size and extent of
the investments in the targeted assets or programs is not consistent with what a risk- takmg
mvestor would willingly invest if the only return were energy market revenues. This has had a
major effect on the prlces in the ERCOT increasing the need for reforms to sustaln a market
design m wh|ch energy pnces and risk taking by prlvate investors drive investment in electnaty
assets

This section discusses the impact of these subsidies on the energy-only market and describes
the followmg changes to better align energy-only prlces with the least cost dispatch in-support
of rellablllty ‘ )

» Marginal Losses Pricing: Add the marglnai cost of losses to ERCOT’s energy market dispatch
and prlcmg '

- ». Enhancements to ORDC: Improve the ORDC calculation to address the reliability |mpacts of
changes in the generation supply mix and the prlce impacts of rellablhty deployments.

RENEWABLE RESOURCES RECEIVE OUT-OF-MARKET COMPENSATION

The ITC and PTC havé spurred a large increase in reneWabie investments in ERCOT and have
been a major factor in changes to the balance sheets of dispatchable electricity generation
owners in the region. These changes cannot be reversed. But an examination of the impact of
these policies external to the market reveals areas for improvement to region-wide price
formation in ERCOT to support greater efficiency and sustainable electricity markets.

Production Tax Credit and Investment Tax Credit Incentives

Renewable resources receive payments from a variety of state and federal level programs that
are in addition to their earnings from market-based sales of power.® The most important of
these out-of-market payments is the Federal Renewable Electricity Production Tax Credit (PTC),
which in December 2015 was extended through December 31, 2019.” The PTC is $0.015 per-
kWh in 1993 dollars, adjusted for inflation, resulting in a 2016 tax rebate of $0.023/kWh for
wind, geothermal, and closed-loop biomass generation. The tax credit applies to a facility’s first

6 Many federal policies and subsidies affect energy market and supply and demand, in addition to those discussed herein.

7 Energy.gov. “Renewable Electricity Production Tax Credit (PTC),” available at: https://energy.gov/savings/renewable-
electricity-production-tax-credit-ptc.
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ten years of operation, and more recent facilities are subject to a reduction” in the PTC
depending on the year of construction. Some facilities have the option to make an irrevocable

_election to claim the Business Energy Investment Tax Credit (ITC) mstead of clarmlng the PTC,
allowing a deduction of up to 30% of the cost of renewable energy technology on federal
income taxes, although the percentage varies by technology and year.?

Texas also has several state-level programs to encourege, the devélopment of renewable
generation, but their impact is dwarfed hy the incentives of the Federal PTC and ITC. Texas
programs include a renewable generation requirement (renewable portfolio standard)®*® and a
renewable energy credit (REC) program administered by ERCOT11 to support renewable
portfolio standards applled to retail energy provrders 12 The REC prices in ERCOT have been the
lowest in the country since the beglnnlng of 2013 due to the substantial build out of wind
‘ resources at less than $1. per Mwh." Addrtlonally, there is a Solar Energy Busmess Franchise
Tax Exemptlon which is either .375% or.75% of the taxable entity’s margm * and is available
‘to businesses sellmg and lnstalllng wmd and a variety of solar technologles and also to the
businesses buying the equment '

Figure 4 below shows the capacrty of wind addltlons m ERCOT by year, in response in part to
the strong fmanaal incentives of the PTC and ITC.

% Database of State Incentives for Renewables and Efficiency. “Business Investment Tax Credit,” available at:
. http://programs.dsireusa.org/system/program/detail /658.

® National Conference of State Legislatures. “State Renewable Portfolio Standards and Goals”
http://www.ncsl.org/research/energy/renewabIe-portfolio-stendards.aspx

1% |ntermediate goals, according to PUCT Substantive Rule §25.173 were: 2,280 MW by January 1, 2007, 3,272 MW by
2009, 4,264 MW by 2011, and 5,256 MW by 2013.

! ERCOT “Renewable Energy Credit,” available at: http://www.ercot.com/services/programs/rec

2 pUCT Substantive Rule §25.173, available at:
https://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.173/25.173.pdf.

B us Department of Energy: Energy Efficiency and Renewable Energy. “Renewable Energy Certificates,” available at:
http://apps3.eere.energy.gov/greenpower/markets/certificates.shtmi?page=5.
' Texas Comptroller, “Franchise Tax,” available at: https://www.comptroiler.texas.gov/taxes/franchise/.

13 Texas Tax Code Chapter 11.27.
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Figure 4
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Actual wind output has similarly increased over time, without a significant reduction in capacity
factor as new developments have come on line. Total wind production in 2011 was 27,894 GWh
in comparison with an output of 53,116 GWh in 2016, as seen in Figure 5:

Captigh 2!
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Figure 5 -

"ERCOT Net Wind Generation by Year ] ’

60.000

50,000

et st v 1 e e et ke e

40.000

30.000

Net Generation (GwlH)

[

0.000 -

15,070

10.000 -

0 -

2007 2008 2009

' Source. ERCOT, Howdy Attrefated Wind Quiput, avaladle at:
Retp wwsv.arcot cons gridinfo genenation

20147 2015 2016

2013

Efficiency Impact of PTC on ERCOT Dispatch and Prices

When a PTC is paid, the payment is triggered by actual production, in effect changing the
marginal cost intended to incent suppliers to produce electricity. The current PTC for qualifying
renewable systems is $23 per MWh, meaning that a qualifying supplier would want to produce
as much as possible whenever the locational price at its location was greater than -$23 per
MWh, because at any price just above -523 per MWh, its total payment, including the PTC,
would be positive.’® In effect, from the perspective of the generator, the marginal cost for wind
has been reduced from approximateh} zero to -$23 per MWh. Of the approximately 18,923 MW
of wind capacity in Texas in 2016, approximately 2,704 MW elected a cash grant or ITC under
‘the American Recovery and Reinvestment Act of 2009, leading to an estimate of over 16,000
MW of wind operating in ERCOT with a production tax credit. Approximately 16,000 MW of

'8 Energy.gov. “Renewable Electricity Production Tax Credit (PTC),” available at: https://energy.gov/savings/renewable-
electricity-production-tax-credit-ptc.
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.wind capacity in Texas thus has an incentive to operate as much as possible, even at locational
. 7 -
prices less than zero.’

The PTC modifies tHé actualymarg'inal cost, which affects the wind generator’s offer, which then
alters the locational price signal and rriay lead to a higher-cost dispatch than would have
occurred without the tax credit. For example, this would be evident when the renewable
supplier is injecting power into the system that has a negative locational price. A locational
pri}:e of -52 per. MWh, for example, means that in order to accommodate the injections of
power from the renewable supplier without compromising reliability, the dispatch of other
suppliers and loads on the system had to be adjusted and f_he net cost (not savings) of these
other adjustments on the margin was $2 per MWh, equivalent to subsidizing incremental
load.”* - ,' - '

Along with the e&:onomic dispatch, locational prices are altered by the PTC. Figure 6 shows the
number of intervals of the year, from 2013-2016, in which there were negative prices at four
ERCOT trading hubs. Prior to the increase in wind and other intermittent capacity in the ISOs,
negative brices sometimes occurred in the middle of the night, as load dropped and generators
needed for"operation the following day were pinned at their minimum loads. In contrast, the
increasing incidence of ‘negévtive prices in ERCOT is caused by the incentive of the owners of

wind generation capacity receiving the PTC to continue to produce even when the locational
price is negative. '

The relatively high frequency of negati\)e prices observed in the western part of ERCOT

occurred because the large number of wind farms in the rural western and northern areas of
the state overwhelmed export capacity of the local transmission system and created
transmission constraints that can limit the export of this power to other regions of ERCOT.? As
the Competitive Renewable Energy Zones (CREZ) transmission project reached completion and
installed capacity of wind generation continued to grow, system dispatch at negative prices
increasingly impacted prices at the Houston, Southern, and Northern Hubs, as power from wind
is setting the prices more frequently outside the West zone, as seen in Figures 6 and 7.

17 %1603 Program: Payments for Specified Energy Property in Lieu of Tax Credits,” available at
https://www.treasury.gov/initiatives/recovery/Pages/1603.aspx ‘

18 Viewing the PTC as an imperfect estimate of the social cost of carbon emissions (and other emissions) avoided by the
use of renewable energy rather than fossil-fuel fired energy is a relevant element to evaluation of the effect of the
production tax credit on social welfare. This paper does not attempt to unwind the diverse and complicated
efficiency impacts of state and federal government programs to increase electricity production from renewable
sources. Programs to encourage electricity production from renewable sources may move in the direction of
efficiency, but a policy that does not apply consistent subsidies or charges to all carbon-emitting sources within a
broad region could have complex second-order welfare effects.

® E1A, “Today in Energy,” June 24, 2014, available at: http://www.eia.gov/todayinenergy/detail.php?id=16831.

M
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Figure 6
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) ‘Figure'7
ERCOT Wind Turbines and 345 kV Transmission Lines
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Subsidized wind energy is.not only increasing the frequency of riegative prices in ERCOT, it is
decreasing prices in every hour that the wind farms are generating. The degree of effect of
subsidized wind production on locational prices depends on the relatidnship between the
amount of wind and the unit commitment, which determines the shape of the electricity supply
curve during each interval. If there were a number of units operating near minimum load, the
supply curve could be relatively flat over a range of output near the market clearing, so that
variations in the quantity of wind might shift the supply curve but would have a relatively small
- impact on price. With higher levels of load, the supply curve would likely start to slope upwards
more sharply, as units with higher heat rates would be needed to meet demand, so an increase
in wind during a high load interval would likely lead to a larger drop in price. Locational prices
result from the interplay between forecasts of the level of wind output, commitment decisions,
and the actual wind conditions during a 5- minute interval. '
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Flgures 8 and 9 on the following two pages are based on actual ERCOT data for 1 AM on August
1, 2016 and April 4, 2016.%° These show the |mpact of varying levels of wind production on
prices in ERCOT in an unconstrained dispatch to serve 45,000 MW of load on August 1 and
25,000 MW of load on April 4. 2z : .

As the quantlty of wind supply changes from 0 MWh to 5,000 MWh, to 10,000 MWHh, to 15,000
MWh, it shifts the supply curve to the right in’ successive panels of the figures; reducing the
clearing prfce for any Ievé"l of electricity demand.: In the AugUst 1% illustration, with a load of
45,000 MW, the clearing price starts at $30.02 per MWh with no wmd falling to $26.25 per

" MWh with 5,000 MWh of wind and then to $22 82 per MWh with 15,000 MWh of wind.

The example for April. 1% |IIustrates how the impact of the wind power on prices depends on the
. capacity onhne in an interval. In the Aprll 4th illustration, the clearing price falls $2.67 per MWh

when the first 5,000 MW of wind power enters the grid but then falls Iess by $1. 42, when wmd‘

mcreases another 5,000 MWh to 10,000 MWh.

1t is possible that price increases may not be as large as shown in the figures if wind were to
di'op because, for instance, ERCOT m'i'ght be able to quickly arrange for increased imports or
brmg additional capacity on line. Similarly,. there could be much larger price changes than
shown here in some intervals from a drop in wind if there were insufficient capacity available to
ramp. But the illustrations clearly suggest how over many hours the accumulation of the | price

impact on dispatchable generation not receiving the PTC sums to a very substantial reduction in

its net margin.

 The impact of subsidized wind production on prices has been estimated with the simplifying assumption of no active
transmission constraints.

! The bid of S0 per MWh for wind supply is used for purposes of illustration.
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Figure 8 ,
Illustrative Off-Peak ERCOT Supply Curve
1 AM August 1, 2016,(45,00() MW Load)

No Wind , 5,000 MW Wind
SQ . _ " 50 -
45 45 -
40 40 -
. {
35 H 35 -
Clearing Price = $30.02 :
§30 -Jsescvesassscocsssscns l ; 30 - Clearing Price = $26.25
E 25 ] l E 25 —.I........‘...l.l‘.. ' .
~ } ~ )
v 20 ~ : v 2 :
" 15 - [ [
] ]
10 - ] |
: :
> ' )
i T l T T 1 . T
0 20,000 40,000 60,000 0O 20,000 40,000 60,000
Cumulative Capacity MW Cumulative Capacity MW
10,000 MW Wind 15,000 MW Wind
50 - 50 -
45 - 45. -
40 - 40 -
35 4 35 4 .
= 30 A ' « 30 4
§ 25 _"(I.I(.a?[i:\il’.r.ic.e":.s.z.li..l? § 25  Clearing Price = $22.82
\ ' \ .......I:...I.....
v 20 : v 20 4 :
15 | 15 - '
] ]
10 A 1 10 A I
: :
i ! 5 - l
O ‘ i i l i 0 T | . T
0 20,000 40,000 60,000 0 20,000 40,000 60,000
Cumulative Capacity MW Cumulative Capacity MW

Cost and capacity data from Ventyx Supply Curve Analyst for August 4, 2016. Removed units not in operation. Using
Ventyx data set for plant level generation on August 1 2016 at 1 AM, additional units removed if they had no net
generation and were larger than 50 MW.

Lomnin ORT Daneafung e ¥ SYSTEM-WIDE PRICE FORMATION ISSUES 29

00034 ™



~

FTi Consulting, Inc. PRIORITIES FOR THE EVOLUTION OF AN ENERGY-ONLY ELECTRICITY MARKET DESIGN IN ERCOT
{

Figure 9
lllustrative Off-Peak ERCOT Supply Curve
1 AM April 4, 2016 (25,000 MW Load)
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Cost and capacity data from Ventyx Supply Curve Analyst for April 1, 2016. Using Ventyx data set for plant level
generation on April 4, 2016 at 1 AM, additional units removed if they had no net generation and were larger than 50
MW. ’
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The increase in the quantity of wind production in ERCOT has occurred in both on-peak and off- '

_peak hours, as the diurnal characteristics of new wind developments along the Gulf Coast differ
from those of earlier wind developments in the western area of ERCOT. Figure 10 below, for
example, shows that the quantity of wind output in ERCOT in the middle of the day in the four
peak days of the year rose from less than 1,000 MW in 2012, to well over 5,000 MW in 2016.
Although wind is intermittent, it is cIeai’Iy decreasing the probability of scarcity and an ORDC
adder during peak hours. ‘ ‘ :

Figure 10
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<The PTC affects the level of dispatch of non-wind suppliers as well as their locational prices. In

hours in which a non-wind supplier would have been infra-marginal in the absence of PTC, it
may now not be running, or may be running at a lower dispatch point. This decreases its
energy margin, which in an energy-only market is the primary source of revenue to pay for
supplier fixed costs.

It is important to note that the ITC does not have the same impact on marginal incentives and
locational prices as the PTC. The ITC affects incentives to build new renewable capacity and
increases the quantity of intermittent capacity bidding at low prices into the ERCOT electricity
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market, but once the capacity is built, suppliers receiving the ITC will respond efficiently' to
locational prices and, in particular, will not have an incentive to supply at negative prices.

Impact of Increasing Intermittent Generation on Ancillary Service Needs

i

Secondary to the impact on energy prices, the increasing reliance on intermittent resources, _

such as wind, also’ potentially affects ERCOT’s requirements for.ancillary services. In I1SO
capacity markets outside ERCOT, non-intermittent suppliers are c'ompensatedkmoré highly for
nameplate capacity than intermittent suppliers because of the dependability of their supply: A
capacity market payment, in principle, is the market-clearing payment required by the marginal
capacity suppller in addltlon to its energy and ancrllary services market revenue, in order to
impel it to be available. The capacity market payment compensates for the _missing money in
expected energy and ancillary service market ‘payments -in ‘order to ensure that sufficient
capacity is in operatlon to meet reliability standards In ERCOT’s energy only market, though
the price srgnal that rewards the short- or long-run- value of non-intermittent, dispatchable
supply is a combination of the energy price, the ORDC adder pard during ERCOT-wide scarcrty,
and the Rellablllty Deployment Price Adder.

For several years, I1SOs experiencing increases in intermittent generatlon have been studylng

‘the possible need for new requirements_for regulation, inertial response and operating’

reserves. The same questions about ancillary services are arising in ERCOT, and the possibility of
increased system efficiency led to an investigation of the benefits of alternatlve ancillary service
product definitions and requirements, such as synchronous inertia service.” During 2016 in
ERCOT, the largest 1 hour upward ramp was 3,624 MW, and there were 49 hours over the ye'ar
with hourly upward ramps of over 2,000 MW. The largest downward ramp'y{/as 3,080 MW, and
there were 38 hours with downward ramping of over 2,00C MW.23 Despite this variability in
supply, ERCOT’s ability to manage system frequency has improved, which eliminated the need
to modify ancillary services at this time.?* The question remains whether changes in the size of
hourly ramps, and other changes related to the increase in intermittent generation, necessitate,
or would lead to benefits from, new or revised reliability constraints and requirements within
ERCOT's energy-only market design.

> ERCOT. “NPRR 667 Ancillary Service redesign 111814,” November 8, 2014, available at:
http://www.ercot.com/content/mktrules/issues/nprr/651-675/667/keydocs/667NPRR-
01_Ancillary_Service_Redesign_111814.doc.

2 ERCOT 2016 Hourly Aggregated Wind Output, available at:

http://mis.ercot.com/misapp/GetReports.do?reportTypeld=13424&reportTitle=Hourly%20Aggregated%20Wind%2
00utput&showHTMLView=&mimicKey.

% ERCOT “Monthly Operational Overview,” March 15, 2017, p. 6, available at:

http://www.ercot. com/content/wcm/key__documents lists/27311/ERCOT_Monthly_Operational_Overview_201702
.pdf
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The California Independent System Operator (CAISO)- and the Midcontinent Independent
‘System Operator (MISO) worked for several years to develop ranflping products to compensate
flexible dispatchable generators for the ability. to increase or decrease their output quickly.
These efforts illustrate the connection between evolving capabilities for hdw and when
ancillary services are scheduled in an ISO’s real-time unit commitment and dispatch software,
the determlnatlon of whether or not a ramping product or other change to ancillary service
requrrements is needed and the effectiveness of any proposed |mplementat|on approach. The
CAISO |mplemented a flexible ramping constraint in its short-term unit commitment process .
(real time pre-dispatch, RTPD) in December 2011‘and:the MISO has been committing capacity
to provide “headroom” even longer. These early processes, however did not insure that the
desired ramping capauty ‘was mamtamed in the dlspatch n partlcular the CAISO process
tended to create phantom ramp, because of the assumpt|on that capacity available to ramp
hour ahead would actua||y be ava|Iab|e torampin real time. Thelr |mplementat|on of the hour-"
ahead ramping constraint did not entall paying units the opportunity cost of capacrty reserved ‘
to ramp rather than being dispatched for energy in real-time. -

In May 2016 the MISO implemented a ramp capabllrty drspatch and in December 2016 the
CAISO implemented a similar dlspatch design referred to as the flexible ramping product
Because the CAISO clears both a 15- mmute fand a 5-minute real-time market, the CAISO ramp
_ pricing design provides compensation both to resources dispatchable in a 5-minute time frame
and a 15-minute time frame; the market-clearing price is calculated based on both opportunity
~ costs and penalty factors.?® The MISO product is implemented within a single-interval real-time
dispatch for energy and reserves. The CAISO does not co-optimize energy with other ancillary
services in its 5-minute multi-interval dlspatch although this is under consideration. Ramplng is
considered in the look-ahead commitment in both 1SOs.

A key consideration in the implementation of a dynamic product, such as ramping, is the
connection between the scheduling and pricing of the product and any inter-temporal
optimization of the dispatch. For example, under the idealized conditions of an energy-only
market, co-optimization in a dynamic framework will produce LMPs that reflect ramping
constraints and compensate the provision of the corresponding ramp without requiring the
definition of new products7 Although ERCOT and its stakeholders have been examining the

v 1

% MISO Market Subcommittee. “Ramp Capability Product Performance Update,” November 29, 2016, p. 2, available at:
https://www.misoenergy.org/Library/Repository/Meeting%20Material/Stakeholder/MSC/2016/20161129/2016112
9%20MSC%20item%2005f%20Ramp%20Capability%20Post%20implementation%20Analysis.pdf; FERC. “Order on
Tariff Revisions,” September 26 2016. Docket No. ER16-2023-000.

26 Bushnell, Harvey and Hobbs, “Opinion on Flexible Ramping Product,” CAISO Market Surveillance Committee, DRAFT,
January 20, 2016, available at: https://www.caiso.com/Documents/Draft_MSC_Opinion_FlexibleRampingProduct-
Jan2016.pdf.
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need for a “Multi-interval Real Tirne Market,” this possible innovation is not a current priority.
‘A discussion of the need.to develop new dynamic products or services wouId be most
productlve as a component of a broader dlscussmn of the costs and benefits of explicit real-
time inter- temporal co-optimization of energy and ancillary services as a refinement in getting
the prices rlght when changes in net Ioad could occur that have not been forecasted

UTILITY ENERGY EFFICIENCY AND DEMAND RESPONSE PROGRAMS REDUCE PEAK LOAD

Energy EfflClency (EE) and Demand Response (DR) programs in Texas continue to grow and
reduce projected ERCOT peak electricity’ demand. Begmnmg January 1, 2013, the Texas PUCT
‘|mplemented a Texas 2011 legislative directive. requrrmg utrhty EE/DR program goals to be
" measured as a percentage of peak demand,; as opposed to prior measurement as a percentage
of pro;ected peak demand growth, increasing the expected impact of these utility programs

Under subsequently adopted PUCT procedures in response to the 2011 legislation, Texas
ut|I|t|es are, responsrble for administering |ncent|ve programs necessary to meet the EE/DR
'reductlon goals . The utlllty programs ‘are implemented mainly through energy eff|C|ency

service provrders m order to reduce peak electricity demands and energy consumption.” 2 The .

costs of the EE/DR programs are recovered from utility ratepayers through specific EE/DR cost-
recovery charges.*

EE/DR programs have progressively reduced peak demand in ERCOT.31 ERCOT,now_reports an
expected peak demand reduction associated with utility EE/DR programs of 407 MW in 2017,
with the reduction expected to grow to 677 MW in 2018. R

EE/DR peak demand reductions put addltlonal downward pressure on ERCOT peak perrod

electricity prices. While the change in the supply and demand balance in ERCOT from the EE/DR
I

7 Texas Senate Bill 1125, 2011,

28 See, generally, PUCT Substantive Rule 25.181, “Substantive Rules Applicable to Electric Service Providers, Subchapter
H., Electrical Planning, Division 2, Energy Efficiency and Customer-Owned Resources,” Energy Efficiency Goal,
available at: http://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.181/25.181.pdf.

2 5ee, generally, Texas Energy Efficiency, available at: http://www.texasefficiency.com/index.php/about/energy-
efficiency-rule. .

0 PUCT Chapter 25, §25.181, at C (13).

3! Frontier Associates LLC, “Energy Efficiency Accomplishments of Texas Investor-Owned Utilities, Calendar Year 2015,”,
available at:
http://www.texasefficiency.com/images/documents/Publications/Reports/EnergyEfficiencyAccomplishments/EEPR
2015.pdf.

32 ERCOT, “Report on the Capacity, Demand and Reserves (CDR) in the ERCOT Region, 2017-2026,” December 15, 2016, p.
99, available at: http://www.ercot.com/content/wcm/lists/96607/CapacityDemandandReserveReport-Dec2016.pdf,
reporting estimated reductions based on 2011 legislation (see page 6). ERCOT’s reported demand reductions are
based on newly estimated EE/DR peak demand reductions (thus do not include previously achieved reduction) and
do not include impacts that may occur after 20189.
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programs is not as dramatic as that occurring due to subsidized wind production or the 4CP
transmission cost éllocation discussed below, the EE/DR programs are a further instance in
WhICh out-of-market payments are reducing energy-only prlces EE and DR reductions in peak
demand are funded by programs recovered through ut|I|ty rates, rather than by customer
savings achieved from efficient market behavior to reduce consumption that would otherwise
be charged the energy-only price plus, possibly, a scarcity adder. These programs reflect state-
level bolicy goals and choices. But there is no avoidirig that the existence of these programs has
an impact on energy-only market prices in ERCOT, and on the ability of the energy-only market
design to operate as intended to incentivize efficient supply and demand reduction.®®

IMPROVEMENTS TO SYSTEM-WIDE PRICE FORMATION -

Retirement of existing facilities, even earIy retirement, could be, consistent with efficierit
market operatlons In ERCOT, the pressure is on dispatchable generation capacity due to falling
natural gas prices, increasing wind production spurred by out-of-market payments, a.nd other
factors external to the energy market under the direct control of the PUCT. The low level of
region-wide energy prices and ORDC adders are sending a message for dispatchable resources
to exit the market,‘ and there is a need to evaluate the consequences of increasing reliance on
intermittent sources of energy. In particular, these, external factors and shifting market
conditions highlight the importance of improving price formation to ensure that it is
fundamentals, and not avoidable market influences or defects that drive decisions about
retirement, entry or plant maintenance. The PUCT and ERCOT have started this process
_through the review of whether reforms are needed in system-wide pricing, specifically the
ORDC. '

ORDC Reforms

There is a broad range of proposals for changes in the design of the system-wide ORDC (Bryant,
Harvey, & Haas, 2016). The discussion has covered many different issues, ranging from a view
that implementation of the ORDC -has worked largely as expected and there is no need for
immediate reforms, to specific suggestions for changing the parameters or utilization of the
ORDC. :

A focus on evaluation and possible reforms is appropriate, but it is also important to recognize
how far ERCOT has come in supporting the use of the ORDC. Although the basic principle of
having a demand curve for operating reserves is widely accepted across other organized
markets in the United States, it is only in ERCOT that the approach has been explicitly
connected to underlying principles of reliability and efficient market design. For example,

[

® The Reliability Deployment Price Adder addresses the price impact of load resource deployment by the IESO, but not
load reductions due to distribution level funding of EE/DR.
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Figure 11 comkpares the ORDC implemented in ERCOT with that in PIM, which is a much larger
system than ERCOT. In essence, the PJM ORDC is based not on the value of operating reserves
but on an estimate of the supply costs of likely providers.**

Figu;e 11 -
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The ERCOT ORDC reflects the value of the reserves, not the cost of supply. In addition, the PJM
ORDC does not apply in all hours, but only dufing declared emergencies.®® Hence, the PIM
ORDC plays a smaller role in the system and PJM has implemented a centrally-organized
forward capacity market. “

T “[T]he $300/MWHh price is appropriate for reserves on the second step of the proposed ORDC based on an internal
analysis of offer data for resources that are likely to be called on to provide reserves in the Operating Day” (PIM,
“Proposed Tariff Revisions of PJM Interconnection, L.L.C.”, FERC Docket No. ER15-643-000, December 17, 2014).

3% “The ORDCs PJM currently utilizes were designed under the assumption that shortage pricing would only occur during
emergency operating conditions and therefore the curves are a step function” (PJM and SPP, “Joint Comments Of
PJM Interconnection, L.L.C And Southwest Power Pool, Inc. Addressing Shortage Pricing,” FERC Docket No. RM15-
24-000, November 30, 2015.).
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Opportunities for further refinement of the ORDC fall into four broad categories. There are
three parameters that define the shape and magnitude of the ORDC: the “X” factor that sets
the level when the price matches the VOLL; the VOLL; and the estimate of the LOLP. A fourth
factor is the specific protocols for determining the real-time amounts of the various reserves
ayailable :that define the scarcity price dictated by the ORDC, such as the accounting for
Reliability Unit Commitment (RUC) decisions (Supply Analysis Working Group, 2016).

X Factor . : (
The many proposed changes in the “X” factor focus on the connection W|th actions the system
.operator can or should take under stressed conditions. For example, the different stages under
the Energy Emergency Alert protocols range from calls for voluntary conservation to mandatory
requurements for rolling blackouts. The rolling blackout condltlon is the idealized case where
the prnce of enérgy should be set at the VOLL, but the other cases would imply some other
scarcity price less than the VOLL.

" Figure 12 -
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It would be possible, and was considered in the initial design, to model each of the incremental .

operator-initiated reliability steps ERCOT could take under emergency conditions. This would
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produce an ORDC with multiple steps, some probably below and some possibly above the
current “X” value of 2,000 MW. This might be appropriate to provide better srgnals during

~conditions when actual reserves fall at or below 2,000 MW. However, it is not clear that these .

proposals would have much impact on the level of the implied scarcity price when operating
reserves are well above 2 000 MW.. Most of the operating hours, as shown in Figure 12; and
most of the experlence with ‘scarcity prlcmg, have been in this higher range of reserves.?

Hence, the main impact on average revenues may not be much affected by refinements to the

“X” value, as the scarcity prices at these higher Ievels of reserves are driven in large part by the
LOLP which would not change much wnth modest changes in the “X” value.

The proposals for changes in the “X” factor empha5|ze that there is a more complex picture for

the .underlying actions under stressed conditions than a one- step transition to load sheddmg

But a further issue with suggestlons to increase the X threshold is that the justification to reflne

the ORDC to mclude steps to better match -actual operator actions would also lead to an-

implied scarcity price of less than the VOLL for actions at a lower IeveI of stress than actual load
shedding. :

The design of the ORDC did recognize "this interacttoh effect and, in part, the choice by the
Commission to use a singie “X” factor at the VOLL was a comprdmise in the name of simplicity.
A comparison of the compromise with the details of actual operations could be revisited, but
the logic of an argument to introduce steps to ORDC representing X factors of increasing
severity would iikely dictate use of values lower than VOLL for emergency actions of less
severity than.the case of actual rolling blackouts. The details of an illustrative version of a
“multiple emergency actions” ORDC curve appear in the Appendix. On the whole, it is possible
that refinement of the X value or the approximation of multiple X steps consistent with
emergehcy actions reflecting differing levels of estimated loss of load probability would -not
result in a material change to the ORDC scarcity price signal in most hours and would therefore
introduce unnecessary complexity.

VOLL

Similarly, the choice of the VOLL of $9,000/MWh was made by the Commission as a reasonable
approximation of a more complicated underlying reality. There are many different estimates of
the VOLL, under different conditions. The decision was to approximate the average value of
lost load of those customers who would be included as a- grou:p in an involuntary load
curtailment by ERCOT. The group would be heterogeneous, and some would have-a higher and
some a lower VOLL. But the average is the appropriate measure given the current technology
for curtailment. By contrast, voluntary reductions can be accommodated through load bidding

- 36 Surendran, Resmi, “ERCOT: Role and Value of Scarcity Pricing,” 2017, EUCI Presentation, April 10, 2017.
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or self-initiated demand reductions and do not need to be part of the definition of the ORDC.

Hence, the concept of the VOLL is to estimate the best proxy of the cost to load of emergency

actions implemented th'r‘ough actual involuntary curtailment protocols.’

LOLP

The loss of load probability (LOLP) is the component most straightforward to estimate. Because
of its detailed records, ERCOT can use the available data to estimate the standard deviation and
mean for “..historic events. defined as’ the difference between, the hour-ahead forecasted

reserves with the reserves that were a\/ailable' in Real-Time during the Operating Hour” (Supply

Analy5|s Worklng Group, 2016, p. 8). This is the. definition of the LOLP for the ORDC, which can
vary. across time to reflect dlfferent operatlng condltlons such as changing avallablllty of
intermittent renewable sources. Th|s estlmate can capture the LOLP and the expected value of
operatlng reserves : A ' \ ,’ ) ' v .

-An argument for changmg the LOLP arises -from -a .perspective to be conservative in the
rellablllty estimates or due to the increased risk of renewable volatlhty on reserves. The
. current LOLP is taken from data and is the correct theoretical framework. However, ‘the
analysis_ assumes. that the system operator has an accurate forward- looking model of the
system and that there will be no operational surprises outside of the range of history., A natural
response to adoptmg a conservative bias, given the relative Iack of foresight or experience in
operatmg a system heaVIly dependent on intermittent resources’ would be to make a
judgmental adjustment in_the margin of safety by shifting the LOLP. - This would leave
untouched the “X” and VOLL levels, but provide a higher estimated scarcity price during the
bulk of the hours at levels where the system normally operates. And tihe conscious shift of the
LOLP would provide a good measure of the degree of the conservative assumption. A shift of a
small fraction of a standard deviation would seem not very conservative. Ashift of the LOLP by
a full standarcl deviation would seem like a large margin of safety.

Stated in terms of the analytical description of the ORDC, a conservative shift of the LOLP would
be a fraction of the standard deviation of the cumulative density function (CDF) estimated for
system reliability given a level of hour-ahead reserves (R).

LOLP(p,0,5,R)=1-CDF (u+s0,0,R)

ERCOT calculates the mean (u) and standard deviation (o) of the historical CDF, which follows a
normal distribution.’’ The conservative measure would be to shift the mean of the CDF

37 ERCOT. “Methodology for Implementing Operating Reserve Demand Curve (ORDC) to Calculate Real-Time Reserve
Price Adder”, January 1, 2017, available at:
http://www .ercot.com/content/wecm/key_documents_lists/89286/Methodology_for_Implementing_ORDC_to_Calc
ulate_Real-Time-Reserve_Price_Adder.zip

¢
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function by up to one standard deviation using a scaling value between 0 and 1 (O€s<1). This
" shift would flow directly into the estimated LOLP, as the LOLP is equal to 1-CDF.

The arguments for changing any of these three components of the ORDC, drawn within the
framework of the basic design, leave room for judgment about the best approximation of the
number of steps in the ORDC, or in the VOLL, used to describe the costs of emerg‘e_ncy actions
at each step, or a proper adjustment of the LOLP. HoWe.ver there does not abpear to be

-evidence of a fundamental flaw in the choices made in the original design of the ORDC, and the".

small average ORDC: contrlbutlon partly reflects the forces mfluencmg electrICIty supply and
demand described throughout this paper

An underlylng issue remams that the recent avallablllty of capacnty has been such that the total

scarcnty revenues have been low. In short, ample capacity exists in ERCOT partly as a result of '

renewable subsidies and the underlying economics have produced low average scarcity prices
mcludlng ORDC price adders. The Commission should recognize that thls does not arise from a

fundamental flaw in the original design of-the’'ORDC. The ORDC is glven certain inputs and it
should be expected to produce a consistent set of outputs. An. issue suppressmg scarcity

pricing in ERCOT is that some inputs to the ORDC are distorted by external, factors.” If the
Commission chooses to configure the ORDC to consider the effects of th_ese .other factors
desc’ri]oed in this report, then it would seem natural and consistent with the rest of the design
to focus on possible shifts of the LOLP to reflect the increased risk of reserve scarcity.

Reserve Estimates and Out-of-Market Commitments

Application of the ORDC depends on decisions about the measurement methodology for
available operating reserves and their translation into an appropriéte scarcity price. For
example, consider the treatment of Reliability Must Run (RMR)} and RUC capacity. The stated
motivation for employing such units arises from concerns about reliability. The conditions
leading to the activation of RMR or RUC units -- generally transmission congestion -- may differ
from the conditions giving rise to a general shortage of operating reserves, but all available
capacity nevertheless affects the calculation of the price adder under the ORDC methodology.

If an out-of-tnarket unit is committed by ERCOT, it is by construction selected because the
natural market choice, as operationalized in ERCOT’s commitment and dispatch models, would
not have the unit available or online. However, the ORDC was designed based on economic
principles to support market decisions and valuations. Including this non-market capecity in the
ORDC determination of a market price distorts the underlying logic of scarcity pricing. There
are at least two dimensions to the resqlting‘ price distortion in the ERCOT market. First, the
scarcity price will be underestimated through the ORDC. Second, the incremental costs of the
out-of-market capacity employed but seldom dispatched might be greater, even much greater,
than the avoided costs of a-reliability event, as estimated by ERCOT’s VOLL. The second
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problem reiterates .questions that have been voiced in ERCOT about the cost-benefit
justification for committing out-of-market capacity. This is a question going beyond the present
focus on the issue of the interaction between the commitment of the out-of-market capacity
and scarcity price formation under the ORDC. It entails |mprovement of the unit commitment
and dispatch models themselves, rather than just an improvement to pricing, but it should be
duly noted.*® ¢

With regard to the problem of the underestimation of the scarcity price, a natural approach to
addressing the reliability capacity that the system operator commits or pays for outside the
normal energy-only locational energy prices would be to decrease the operating reserves by the

amount of the out-of-market commitments. This would be equivalent to decreasing the Real-

Time Online Reserves by the amount of the capacity made available by the out-of-market
“action’ including capacity above the low sustainable limit.*®> 'For purposes of calculating the

ORDC scarcity price, this rule change would restore the integrity of the calculation of Real-Time .

Online Capacity when there is an out-of-market commitment. A similar argument might apply
to formal demand response programs where the system operator pays separately for the
_demand response commitment, or other capacity deployments currently included in the
methodology for the Reliability Deployment Price Adder. For all of these out-of-market actions,

the same iogic used for estimation of the Reliability Deployment Price Adder would suggest

decreasing the calculation of Real-Time On-Line' Reserve Capacity by the quantity of capacity
committed and available to be deployed.

Add Marginal Cost of Losses to Dispatch and Pricing

When power is injected into the grid by éuppliérs, whether fossil fuel, renewable, or an
alternative power source, not all of the power reaches consumers. Some of the power is lost
during transmission because the movement of electrons produces heat in the transmission
lines. To complicate matters, the amount of power lost in moving energy over a transmission
line depends on physical properties of the line such as resistance, reactance, voltage levels,
loading of the line, and ambient temperature. The losses incurred in transmitting power from a
specific supply location to serve a specific customer depends on the many ways the power
moves over different transmission lines from'supply source to load sink.* Supply sources that
are located at different points on the grid will incur different levels of losses in serving an

3

8 A later section contains a brief discussion of the need to examine the level of transmission constraint penalty factors
(shadow prices) as a step in lessening the gap between the cost of out-of-market actions and the avoided cost of
loss of load events.

3% An equivalent approach would be to increase the “X” factor by the amount of the out-of-market capacity.

40 Hoéan, William, “Networks for Electric Power Transmission: Technical Reference,” February 1992; available at:
https://www.hks.harvard.edu/fs/whogan/acnetref.pdf.
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increment of load at a specified location. In order to compare the incremental and total losses
of different supply and load configurations, a standard measure called a “penalty factor,” or its

mathematical equwalent a “marginal-loss factor”,*

quantifies the marginal losses incurred in
serving an increment of load at a reference bus from different locations. The marginal- loss
factor is not a constant for the system as a whole or for any location. In particular, it increases
- with increasing transmission system flows, so that the marginal losses incurred in serving an
‘incremfenzt of system load are always Iarger than the average losses. .To a first approximation,
"Iosses increase in proportion to the square of power flows. It is standard practice in all of the
ISOs regulated by the Federal Energy Regulatory Commission to take marginal losses into

account in both the least cost economic dlspatch and Iocatlonal prlcmg : ‘

By dispatching generatlon to meet load at least cost, mcludlng the cost of losses, system
operators eliminate a material source of inefficiency ‘and have achieved substantial cost
savings. In a 2007 report, PJM estimated savings of $100 million per year through energy and
congestion costs, and of over 3,600 MW during peak hours as a result of including: marginal
losses in dispatch and pricing.*® The Federal Energy Regulatory Commission (FERC) explained
the savings clearly in an Order supporting the implementation of marginal-loss pricing in the
CAISO:

For example, if the marginal losses to deliver energy from a remote generator to
a customer at another location are 10 percent, then in order to deliver 1 MWh to
the customer, the remote generator must produce 10 percent more, or 1.1 MWh
of energy. If the remote generator’s marginal cost to produce 1 MWh is $50,
then the marginal cost of delivering 1 MWh of energy to the customer is $55
(i.e., the marginal cost of producing 1.1 MWh). Suppose that the customer could
be served with energy either from the remote generator or from a local
generator whose losses would be de minimus and whose marginal production
cost is $53/MWh. If the buyer fails to consider, and is not required to pay for,
losses, the remote generator would appear to be cheaper, since its marginal
production cost (of $50/MWh) would be lower than the $53/MWh marginal
production cost of the nearby generator. However, when marginal losses are

’

*' The incremental or marginal-loss factor for a bus is the change in system losses due to a change in generation at the
bus. A loss penalty factor is used to modify the incremental cost of each supplier so as to include the effects of
losses. The penalty factor is the inverse of 1 minus the marginal-loss factor.

2 «The locational marginal-loss provision is consistent with similar tariff provisions in other RTO tariffs and with the
efficiency goals that underpinned the Commission’s approval of those provisions, including the Midwest ISO, the
NYISO, and ISO-NE.” FERC, “Order on Complaint Requiring Compliance with Existing Tariff Provisions and Related
Filings,” May 1, 2006, paragraph 22, available at: https://www.ferc.gov/CalendarFiles/20060501180437-EL06-55-
000.pdf. For a recent review of marginal-loss pricing in the FERC jurisdictional 1SOs, see Eldridge, O’Neill and
Castillo, “Marginal Loss Calculations for the DCOPF,” January 24, 2017, available at:
https://www.ferc.gov/legal/staff-reports/2017/marginallosscalculations.pdf.

B pm, “Marginal Losses Implementation Training,” Winter and Spring 2007, Version 1, p. 10.
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considered, the nearby generator would be the more efficient source. That is
because the marginal cost of delivering energy to the customer from the nearby
generator would be about the same as the marginal production cost of
$53/MWh (since losses would be de minimus), while the full marginal cost to
deliver energy from the remote generator would be higher, i.e., $55/MWh. Thus,
in determining what supply ‘sources can most efficiently serve customers, the
cost of marginal losses should be considered. Failure to consider marginal losses
— or to understate marginal loss costs — can inefficiently inflate the total cost of
serving load.* ~ Co :

Dispatching in order to minimize the cost of meeting load, including transmission system losses,
is accompanied by locational pricing that reflects the differences in marginal losses for different
supply sources. When incremental supply from 5 generator decreases losses in serving load, the
generation is more valuable, and its locational pricé will increase in proportion“to the loss
penalty factor (which will be greater than one). Conversely, supply that results in an increase in
system losses will look relatively less attractive in the dispatch; the generation will have a lower
locational price and will be dispatched to a lesser extent than if ma{rginal losses were not taken
into account. With marginal-loss pricing, the locational price at each location reflects not only
the marginal impact on congestion from an increment of load at the bus, but also the marginal
impact on system-wide Iossés.

Billing on the basis of marginal costs ensures that each customer pays the proper
marginal cost price for the power it is purchasing. It therefore complements and
reinforces PJM’s use of LMP to price electricity.*

The PJM experience illustrates the relative importance of marginal losses. As shown in Figure
13, marginal losses in total are comparable in importance to congestion costs.

4 FERC, “Order On Further Development of The California 1SO’s Market Redesign and Establishing Hearing Procedures,” -
June 17, 2004, paragraphs 142 and 143, available at: https://www.ferc.gov/whats-new/comm-meet/061704/€-2.pdf.
45May 1, 2006 Order, paragraph 4, available at: https://elibrary.ferc.gov/idmws/common/opennat.asp?filelD=11016260.
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Figure 13 . .

" Cost (Sﬁl\lillio‘ns)- . Peréent‘o’f PJIM Billi g
Year Congestion \Marginal‘Lo'sses. Congestion Marginal Losses
2009 . $719 $1,268 2.7% 4.8%
2010 $1423 - 31,635 4% . 4T%|
2011 $999. $1.380 2.8% ° 3.8%
2012 $529 $982 1.8% 3.4%
2013 $677 $1,035 . 2.0% 3.1%)|
2014 - $1.932 $1,466 3.9% 2.9%
2015 $1,385 $969 3.2% 2.3%
2016 $1.024. $697 2.6% 1.8%
.Source: Monitbﬁng Analytics, LLC, “2016 Stéte of the Market Report for
PJM: Section 11: Congestion and Losses”, March 2017

A

ERCOT currently does not take into account the marginal-loss factors for different supply
sources in operating its security constrained economic dispatch. In ERCOT, the load forecast for
each location on the grid includes an estimate of losses and ERCOT performs a security
constrained dispatch of generation to serve load plus losses using a lossless transmission
model.*® The dispatch does not account for différences in the cost of the marginal losses that
will be incurred in serving load from one supply source versus another.

Instead of charging prices that reflect marginal losses, the actual cost of losses is averaged and
socialized to all load. Section 13 of the ERCOT Nodal Protocols explains the procedures ERCOT
uses to allocate both transmission and distribution level losses to the load obligation of
Qualified Scheduling Entities (QSEs), who are responsible for procuring additional supply for

6 ERCOT Nodal Protocols, Section 13.1.1, September 1, 2016.
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their loads to cover the allocation of losses.” The QSE obhgatlon to self-supply Iosses or
purchase energy to cover them is included in the ERCOT settlements for Ioads

‘

" The lack. of marginal-loss . pricing is a SIgnlflcant matter |n ERCOT, where settmg prices to

accurately reflect locational differences is central to the energy only market design. Marginal-

loss prlcmg reform will have a beneficial impact and ensure that the cost-causation pnncnple is

better expressed to resources to prowde more efﬁcuent retirement decisions and more efficient
5|t|ng of future generatlon ’

Using another way to illustrate the significance of this missing market design element Figure 14 .

summarizes the marginal-loss component of prices for each of the New York Independent
System Operator (NYISO) zones in‘a high Ioad mterval and a low load interval. In both periods,
the marginal-loss component results in a significant difference in the locational price for
* suppliers that are located remotely from‘load versus those located closer. to load. In the high
_load interval, for example, the loss component leads to a difference of S4.é3 per MWh ($3.3 +
$1_.33) in the locational price paid to a supplier in Zone J (New York City), versus Zone D
(North).*® In the low load interval, this price difference falls, to $2.48 per MWh, buit is a
substantial 15.2% of the reference bus price. Figure 15 shows the location of these Ioad zones
in New York State.

The implications of marginal-loss pricing for Texas should be clear where CREZ enables

renewable power from the northwest to serve load in other regions of the state. If the .

marginal-loss components of prices were of the same order of magnitude as those observed in
the NYISO, the locational prices in Houston could and should exceed those in the west by $2 to
$4 in every hour, even when transmission constraints are not active.

.

7,

8 The impact of marginal losses is stated as a difference in the loss component of the price difference between two
locations, as this is invariant (although there is a second-order effect) to the choice of the reference bus. The
absolute value of the marginal-loss component (and congestion component) at a bus will change with a change in
the reference bus, because the reference bus price, penalty factors and shift factors all change.
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a : , Figure 14

’ q ~ LowLoad -

Zome .. : - ﬁgh‘Load‘lntéwal - Interval

Reference Bus LBMP : 40.19 16. :1
|A- WEST | 08, 021

B- GENESE ~1.85 - 0.23

C - CENTRL 1.2 033

D - NORTH -1.33 -0.75

E - MHK VL 1:85 047

F-CAPITL. 2.93 1.16

G-HUD VL 3.46 1.53

H.- MILLWD 3.46 1.58

[ - DUNWOD 3.22 1.58
|I-N.Y.C. - 33 1.73

K - LONGIL 3.58 1.78

X-HQ -1.33 -0.57

X - NPX 2.53 1.32

X-0OH. -0.48 -0.03

X - PIM 0.8 0.64

Interval 7/13/2016 15:05 7/13/2016 4:00

NYISO Load MW 28.049.2 16,767.7

Note:

HQ.NPX. O H and PJM are external zones

Load total is for internal zones only

Source:

NYISO Real-time actal load data, available at:

http://www .nyiso.comypublic/markets_operations/market_data/load data/index.jsp

NYISO Real-time LBMP, available at:

hitp://www, nylso conv/public/markets operatlons/market data/pncmo data/mdex jsp
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Figure 15

2 New York Control Area .,
Load Zones '

Transmission congestion costs can be quite volatile, but the large price impacts happen in only
a fraction of the total hours of the year. By contrast, the importance of marginal losses arises
from the simple fact that they are relevant in every hour of the dispatch. This is not only
important for improving the dispatch, but the marginal-loss incentives add up to make them as
important as transmission congestion in providing efficient incentives for retaining and siting
generation in specific locations. The logic for including marginal-loss effects in dispatch and
pricing is straightforward, and the evidence of its critical importance to price formation is found
in the experience of other regions.
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Local Price'Formation:Issues.:-

a

In" addition to the policy impacts discussed in other sections — the renewable energy PTC and
ITC, lack of marginal losses, and state-mandated demand response and energy efficiency
programs -- price formation in ERCOT also is affected by interactions between the energy

market and actions taken by the system operator to maintain local reliability. The focus in this"

sectlon will be on the locational price formation impacts of RUCs, although recent ERCOT
initiatives regarding RMR units, and the ex-ante curtailment of exports on DC lines illustrate the
potential fqr".RUC-type-pricing-issues to arise in other”instances in which ERCOT takes out-of-
market actions related to local reliability. '

The interaction between'ERCOT’s out-of-market actions and local market power mitigation
rules has bef:om‘e visible in the search for answers to the question of why some generation
units are experiencing low energy-only returns, and why the ORDC has remained consistently
low over the last year, desplte the need for the same units to provide for system rehablllty, as
evidenced by ERCOT starting them through the RUC process. The answer appears to lie in a gap
in the market rules: the current ORDC mechanlsm compensates suppliers when there is only an
RTO-wide scarcity of operating reserves, ’and the mechanisms in ERCOT for pricing and
compensating suppliers for local scarcity are limited, which is generally the trigger for aRUC. In
fact, under the current market rules, the opposite occurs, as the combination of RUC and local
market power mitigation rules reduce prices, in contravention of the outcome logically
expected in an energy-only market with scarcity pﬁcing, when ERCOT brings units on-line to
manage constraints. There is clear inconsistency between the objectives of the energy-only
market, to employ prices to maintain reliability, and the use of out-of-merit actions rather than
‘prices to resolve local reliability problems. The increasing frequency of RUCs, like the recent
discussion of the possible need for RMR units, is a signal of reliability issues that are not being
adequately reflected in real-time prices.

Following a review of the issues leading to a lack of local scarc:ty pricing in ERCOT, this section
describes the following priorities for improvement:

. Out-of-Market Actions to Manage Transmnssuon Constraints: Local scarcity pricing and
mitigation - rules require changes to properly set prices when there are reliability unit
commitments or other ERCOT reliability actions to manage transmission constraints; these
changes should not disable rules for local market power mitigation.

» Dispatch ‘and Pricing for Local Reserve Scarcity: The introduction of local reserve
requirements, implemented through co-optimization, would provide a market solution to
properly set prices when there are constraints on reserve availability in a sub-region.
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LACK OF SCARCITY PRICING WITH RELIABILITY UNIT COMMITMENT

A RUC.is an out-of-market action taken by ERCOT when it determines that the set of units that
are on-line and operating in the market, or that can be brought on-line, e;re not sufficient to
meet its operational' reliability criteria. ERCOT assesses the reliability of its unit commitment
following the completion of the déy'—ahead market, and thereafter hourly up to the time of the
real-time d_isbatch; it i§ of no significance to this evaluation whether units are self-committed or
Eommitted in the day-ahead market, because the need for a RUC is based only on the forecast
of the physical operating status of the system, load, and other variables at the time of real-time
dispatch. If ERCOT's software determines that the power flow will not otherwise meet its
reliability criteria, it produces a set of recommended resource commitments. ERCOT operators
review these recommendations and decide whether or not to execute them, and may also
n'nanIUaIIy select resources to commit through a RUC, introducing transparency concerns.*

The number of days on which RUC commitments occurred increased from 70 in 2015 to 269 in
2016, while the number of hours in which resources responded to RUC instructions from ERCOT
increased from 411 in 2015 to 1,514 in 2016.° This recent increase in out-of-market RUC
commitments is a cause for concern, as it indicates that energy-only market mechanisms are
increasingly'in's'ufficjent, on their‘own, to maintain system reliability. Over the last year, most
RUCs occurred to address shortages of generating capacity in a specific locatidn in the event‘orf
an n-1 contingency. They occurred with regularity when there were scheduled transmission
outages north of Houston or scheduled or unplanned equipment outages potentially causing

overloads in the area of the Rio Grande Valley. Approximately 98% of the RUC-hours addressed"

transmission congestion, primarily in the North and Houston zones, while only 33 hours arose
to address capacity shortages. No RUC commitments occurred because of ancillary service
shortage, voltage or reactive support, system inertia, anticipation of extreme cold weather or
startup failures, according to ERCOTl.51 Although ERCOT reports the reliability condition giving
rise to a RUC,52 there can be a lack of clear association between the reported cause and the

49 ERCOT, “Overview of the Reliability Unit Commitment Process,” October 14, 2016, available at:
http://www.ercot.com/content/wcm/key_documents_lists/87633/5_-
_Overview_of_the_RUC_Process_for_QMWG_-_Final.pptx

% ERCOT, “Annual TAC Review of the Market impacts of Reliability Unit Commitments,” January 26, 2017, p. 11, available
at: '

http://www.ercot.com/content/wem/key_documents_lists/107846/14._2017_Annual_TAC_Review_of_the_Market
_Impacts_of _RUCs_-_Final.pptx

g,

32 ERCOT, “Annual TAC Review of the Market Impacts of Reliability Unit Commitments,” January 26, 2017, available at:
http://www.ercot.com/content/wem/key_documents_lists/107846/14._2017_Annual_TAC_Review_of_the_Market
_Impacts_of RUCs_-_Final.pptx

}
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' RUC action, giving rise to questions about whether RUC actions occur for additional reasons,
such as to protect against an n-1 or n-2 even_t.53

Following the'logic'that a RUC-committed unit is not rLinning voluntarily, but is rather running
because it is reqwred for reliability, its energy market offer is set to the greater of the ERCOT
RUC offer floor of $1,500 per MWh or its submitted energy offer curve (if any).>* However,
durlng instances when a RUC alleviates local congestion, the $1,500 offer is often mitigated to a
lower price because the RUC unit fails ERCOT’s test of local market power.. When this occurs,
the. $1,500 per MWh default RUC offer is mitigated using an offer cap typically based on the

enflable cost of the RUC- commltted resource plus a modest adder.> As dlscussed below while
this mltlgatlon follows ERCOT protocols for managmg the potentlal for the, exerCIse of local
market power it has the potentlal to extmgmsh the ability of the unit to earn a return for
scarcnty

The introduction of a RUC-committed unit’s minimum generation block into the generation
dlspatch stack decreases locational pnces through its impact on. the congestion component of
prices. A RUC-committed unit immediately comes on-line ‘and ramps to its lower sustainable
limit. If the RUC unit’s energy offers are not mitigated for local market’ power, they will remain
at $1,500 and the RUC-committed"unit will rarely be dispatched above its low sustainable limit
and its offer price‘ of $1,500 will not set the locational price. The RUC-committed unit is said to
be “pinned” at its low sustainable limit. It will rarely be dispatched to meet an increment of
Ioad because of its $1,500 offer price, so its offer does not enter into locational p(ice formation.

Instead, in the absence of local market power mitigation, the locational prices generally will be

based on the offer prices of one or more lesser priced supply (or dispatchable demand)
alternatives. These price-setting units are often those that have been dispatched down to
accommodate the minimum load block of the RUC-committed unit: their offer price for being
dispatched up (again) is marginal for price formation. ‘

*3 Nodal Protocols, 5.5.1 (5). “ERCOT shall analyze base configuration, select n-1 contingencies and select n-2
contingencies under the Operating Guides. The Operating Guides must also specify the criteria by which ERCOT
may remove contingencies from the list. ERCOT shall post to the Market Information System {MIS) Secure Area the
standard contingency list, including identification of changes from previous versions before being used in the
Security Sequence. ERCOT shall evaluate the need for Resource-specific deployments during Real-Time operations
for management of congestion consistent with the Operating Guides.”

* Nodal Protocols, 6.5.7.3 (c).

55> ERCOT, “Nodal Protocols Section 4: Day-Ahead Operations,” April 5, 2017, Section 4.4.9.4.1 (c); the mitigated offer is
the greater of 10.5 MMbtu/MWH times the gas reference price, or the resource’s verifiable offer cost plus the
verifiable variable O&M cost times a multiplier.

® In situations of extreme scarcity, the price might rise to more than $1,500 per MWh, despite the mitigation of the offer
price of a RUC-committed unit.
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A specific concern arises when a RUC commitment occurs to resolve a modest or relat‘i\(ely
short-term - transmission - element overload. When this occurs, . the dispatch of the RUC-
committed unit will likely remain pinned to its low sustainable limit, because not all ofiits’
‘minimufh load block capacity is needed to resolve the constraint, and its incremental offer price
is set'at the'cap of $1,500. Pinning will occur throughout the minimum run time of the RUC-
committed unit, even if the unit is needéd to resolve a constraint for only a portion of this time.
RUC commitments can primarily to resolve modest transmission constraint violations because
ERCOT's software assigns a very hlgh penalty factor to the violation®” and the software will
search for any solutlon to relleve the constraint, ‘even a generation unit with only a smaII shift
factor with respect to the constraint violation. Thus, the ERCOT market bears the cost of
commlttmg a un|t to provide a modest counterflow to resolve a situation with a:low value’ of
~ lost load, and the price formation treatment of the RUC~comm|tted unit suppresses locational
prices through the addition of the minimum load capacnty to the dlspatch stack combined in
many cases with mitigation of the offer prices of the RUC-committed unit. 8 ERCOT recently
lowered the RUC penalty factors following dlscussmn with stakeholders but it remains to be
seen if the lower values will remedy the situation.> The price adjustment to the ERCOT system
lambda for-RUC minimum capacity through the Reliability Deployment Price Adder will not
compensate fer the suppression of the congestion component of the local brice.

If the RUC-committed unit is dispatched above its low sustainable limit, in principle it could set .
a locational price of $1,500 until it reaches its‘upper operating limit, but this will only happen in |
the circumstance in which the energy offer costs of the unit are not mitigated for local market
power and the unit is dispatched above its low sustainable limit. In other words, the $1,500
price will be reached only when a RUC unit is so effective in resolving a constraint or when
region-wide capacity is so scarce that it is dispatched above its low sustainable limit despite an
offer cost of $1,500, yet it passes ERCOT’s local market power test.

Thus, out-of-market RUC commitments, which may increesingly be occurring as a symptom of
low energy-only prices, are unlikely to result in prices that signal the local scarcity issue
triggering the RUC. Rather, the RUCs, often in combination with market power mitigation,
suppress prices and perpetuate a cycle of reliance on out-of-market actions, rather than market
responseé, to maintain lecal reliability. '

57 ERCOT * Maximum Shadow Prices in RUC: Initial Results,” January 30, 2017, available at:
http://www.ercot.com/content/wcm/key_documents_lists/113924/Analysis_of RUC_.max_shadow_prices_initial_r
esults.pptx

*% See NPRR626 “Reliability Deployment Price Adder (formerly "ORDC Price Reversal Mitigation Enhancements")”.

*® ERCOT, “W-A040617-01 Changes to transmission constraint Shadow Price caps,” Operations Notice to ERCOT Market
Participants, April 6, 2017.
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Local Market Power Mitigation of RUC Units Ignores Local Scarcity Value

ERCOT conducts local market ‘power mitigation througn a process called the “Texas Two Step”
- because it is based on two Security Constrained Economic Dispatch (SCED) runs. Prior to the
first run, ERCOT identifies .competitive and 'non-competitive constraints: using its constraint
competitiveness test, which evaluates a market participant's ability to exercise local market
power through economic or physical withholding. In the first step, SCED observes only the
limits of competitive constraints to calculate initial reference prices. In the second step, the
SCED process observes the limits of both" competltlve and non- competltlve constraints, and
mitigates ‘offers to the greater of ‘the reference prices produced in step one (adjusted by a
variable not to exceed 0.01 multlplled by the resource’ s'mitigated offer cap) or.a resource’s
mitigated offer cap.?® "

n

Imposition of offer caps based on verlﬁable costs (plus a modest adder) for local market power
mitigation is |ncon5|stent with compensating suppliers for the scarcnty value-of their output
during times when generatlon units are commltted through the RUC process. RUC units have

been committed by ERCOT because they are needed, in the absence of alternative economic -

. offers, to prevent the power flow from wolatmg a rellablllty constralnt From this perspective,
* it is apparent that the RUC- commltted unit is prowdmg a scarce resource and, in the’ absence of
a determination of local market power, the’ RUC energy offer .is set to $1, 500 as a
consequence. ®1 But, if the same unit is determmed to have local market power, its offer is
reduced, as descrlbed above, to a price near its costs and it will set price whenever it is

dispatched up for incremental energy at this relatlvely low offer price.

The graphic in Figure 16 illustrates the impact of market power mitigation on the price and
dispatch of a‘CaIpine generation unit for 17 hours during a time when it receives a RUC
instruction from ERCOT in order to relieve a transmission constraint into the Rio Grande Valley
area. The blue line on the tigure is the real-time settlement point price for the unit during each
interval, .including the ORDC and Reliability Deployment Price Adder. The orange line is the
dispatch level of the unit and reflects high and low schedullng limits that vary depending on its
operating configuration (either 1x1 or 2x1).

The figure shows, first, that the settlement price for the unit during the period of its RUC is far
below the $1,500 per MWh offer price floor for a RUC unit. In about half of the intervals, the

-

s ERCOT, “Nodal Protocols Section 6: Adjustment Period and Real-Time Operations,” January 1, 2017, p. 58. The offer
caps of units subject to local market power mitigation are the lower of their verifiable costs or the product of a gas
price index multiplied by a predetermined heat rate (10.5). ERCOT, “Nodal Protocols Section 4: Day-Ahead
Operations”, April 5, 2017, Section 4.4.9.4.1 (c).

$1ERCOT, “Module 5: Reliability Unit Commitment,” p. 31, available at:
http://www.ercot.com/content/wcm/training_courses/44/M5___Set301__ RUC___ Dec2014.pdf.

\
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settlement price hovers around $27/MWh (starting just before midnight on 2/27 and extending
until just after 8:00 am on 2/28). When the settlement point price rises above the mitigated
offer price of the unit duringb the RUC period, the unit is dispatched above'its lower schedyling
limit; this can be seen, for example, in the figure where the settlement'priée rises at the same
time as the dispatch of the unit increases starting at 9:15 on 2/28. In the period immediately
following the first RUC instruction at 18:00 on 2/27, the unit was also mitigated for market
power and dispatchéd up in many intervals at market prices far below $1,500. During the
intervals when the unit is dispatched a'b‘ove.its lower scheduling limit based on its rﬁitigated

offer price, the incremental energy available on the unit is made "available to meet load,

displacing other suppliers at an offer price that is below the $1,500 default offer price.

Figure 16
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The situation shown in Figure 16 was repeated during many hours in 2016. In 170 of the RUC
hours in 2016, ERCOT reported that the committed resource was dispatched above its
minimum load level and, in principle, could have been marginal for purposes of price formation.
However, in 127 of these hours, the offer price of the RUC resource was subject to market
power mitigation and, as a result, the locational price for the resource was less than its RUC
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offer floor although the unit was needed for reliability. In another 39 of these hours, the LMP

was less than the RUC offer floor even though the RUC resource was not mitigated for market .

power.®

RUC-committed capacity appears to be, in almost all instances, a substitute for transmission, as
it provides counterflow on a constraint to increase transmission capacity in the opposite
direction. However, when pinned at its low sustainable limit and/or with its offer costs reduced
because of market power mitigation rules, the RUC-committed capacity is not paid a price
reflecting transrﬁis'sion scarcity or, stated a different’ way, the avoided cost of alternative
solutions to resolvmg the constraint. The scarcity value of the unit's output can be related to
the value of the counterflow provided on the constraint and it is doubtful that this counterflow
is worth no more than-the mitigated offer cost of the unit. Thus, the requirement is for a
methodology to place a value on this counterflow i.e.,.place a value on the relief of Iocal
scarcity, desplte the |mp05|t|on ‘of local market power mitigation.

For the RUC process, price formatlon in ERCOT fails to simultaneously address the objectives of
mitigating market ;’)owér,v which is necessary in an electricity market, and compeﬁsation of
suppliers for the scarcity value of their capacity and energy. The impact in an energy-only
market is particularly compelling because recovéry of fixed costs comes entirely from the
margin a supplier earns above its costs in the energy and reserve markets. Mitigation of a unit's

offer at exactly the time when it is addressing a situation of scarcity eliminates the price signal

required in the energy- onIy market to sustain this and other units in operatlon so that they can
continue to address the same scarcrty situation in the future.

Without examining the underlying efficiency of the procedures and software used for RUC,
changes to price formation must be considered to ameliorate the impact of RUC commitments
and local market power mitigation on pricing. The ERCOT market rules implemented by Nodal
Protocol Revision Request (NPRR) 626 intended to address the impact of the extra capacity of
RUC-committed units on system energy prices, and the ORDC was implemented for scarcity
pricing, but neither of these tools assigns a value to the relief of local scarcity.

Reliability Deployment Price Adder (NPRR 626) Does Not Price Local Scarcity Value

The Reliability Deployment Price Adder implemented in August 2014 does not aftribute_ local
scarcity value to capacity deployments occurring to relieve local reliability problems. The
Reliability Price Adder is intended to relieve the energy price suppression arising from out-of-
market actions the system operator may take to maintain reliability, including the deployment

62 ERCOT, “Annual TAC Review of tr:e Market Impacts of Reliability Unit Commitments,” January 26, 2017, p. 7, available
at:
http://www.ercot.com/content/wem/key _documents lists/107846/14. 2017 Annual TAC Review_of the Market
Impacts of RUCs - Final.pptx
\
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of Emergency Response Service, RMR commftfed units, RUC-committed units, and load
resources other than controllable loads.®® The implementation of this adder, however,
estimates only the impact of these reliability deployments on the level of the ERCOT system-
wide price (i.e., system lambda), as measured by the change in the reference price component
of the LMP.** It does not confer value to reliability actions causing changes in relative locational
prices within ERCOT, as measured by changes in the congestion components of LMPs in
different locations.®> A RUC commitment and other reliability deployments may decrease
prices in a local area, due to relieving a tran'srnission constraint, for example, yet have little or
no effect on prices outside of this local area, so that the estimated change in the system
‘ reference price will often be close to zero. ‘

i

There are problems with the Reliability Deployment Price Adder even for the limited purpose of
estlmatmg the region-wide price effect when the resource deployed for rellablllty is dispatched
based on its offer. When its offers are mitigated, a RUC-committed unit may be dispatched
above its lower operating limit, because its mitigated offer leads it to displace the dispatch of
other higher-price resources.- However, the methodology for estimating the Reliability
Deployment Price Adder excludes only the capacity of the unit’s low sustainable limit, so that
the re-estimation of prices and calculation of the adder does not take into account the full
guantity of energy dispatched from the RUC-committed unit.

H

ORDC Does Not Price the Scarcify Value of RUC Units

The current ORDC does not correctly price regional scarcity when there is a RUC and, by design,
it does not produce a price éignal for local scarcity. The ORDC provides a principled basis for
pricing region-wide scarcity, but when a RUC occurs (or an RMR), the measurement of the Real-
Time On-Line Reserve Capacity used to calculate the ORDC scarcity price is distorted by the
inclusion of the RUC capacity.®’” The ORDC price adder should rise when therfe is increased
scarcity, but if a RUC reduces this scarcity by increasing the quantity of available reserves as

® NPRR 626, “Reliability Deployment Price Adder,” August 12, 2014.
# Nodal Protocols, April 1, 2017, Section 6.5.7.3.1 (2) (j).

% Note that the methodology for calculating the Reliability Deployment Price Adder appears to depend on the definition
of the system reference bus. Depending on the location of the reference bus, the change in prices from a change in
unit commitment could appear as a change in the reference bus price or a change in the congestion component at a
bus. For example, if the reference bus were at the location of a deployed RUC unit, the reference price would
change, not the congestion component, where as if the reference bus were in a different place, the change would
likely be to the congestion component. This does not appear to be an issue in ERCOT because of the use of a
distributed reference bus.

¢ Nodal Protocols, April 1, 2017, Section 6.5.7.3.1 (2) (a).

% The calculations of Real-Time On-Line Reserve Capacity and Real-time Off-Line Reserve Capacity are not reduced as a
result of a RUC or RMR activation. ERCOT, ”Methodology for Implementing Operating Reserve Demand Curve
(ORDC) to Calculate Real-Time Reserve Price Adder,” Version 1.3 accessed on April 6, 2017.
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measured by Real-Time On-Line Reserve Capacity, the ORDC price adder will fall (or stay the
same), rather than rise. ERCOT supply will increase by the amount of the minimum load of the

- RUC or RMR committed unit. . Additionally, if the offer of the out-of-market committed unit-is
‘mitigated because of the potential for local market power,“the‘ unit may be dispatched above its.

minimum load level, further adding to’'supply and depressing prices. When ERCOT initiates a
RUC prior to the development of scarcity, it thus may forestall the development of a price signal
to mduce market-based solutions to such scarcnty

The current ORDC also does not price local, scaraty in general Therefore, 'if there is an

adequate supply of reserves region-wide, but a shortage in a particular region, the ORDC will
remain low.. When a RUC is triggered by a local transmission constraint and there are

'concurrently sufficient reserves reglon-W|de the ORDC by design will not produce a scarcity

price signal. Thisis almost always the case. In January 2017, ERCOT reported that 97.8% of the

RUCs in 2016 occurred to address transmission congestion, and only 2.2% “for capaclty

insufficiency.®. In these cases when the RUC occurred, the overallrsystem was not short of
reserves, so the ORDC adder did not apply and there was no mechamsm to ensure appropriate

v

OTHER LOCAL RELIABILITY ACTIONS HAVE PRICE IMPACTS
Activation of Reliability Must-Run Units

ERCOT activation of a generation unit contracted under an RMR agreement has the same
potential impact on price formation as a RUC, due in large part to the confounding effect of
local market power mitigation. When an RMR:unit is activated to serve a reliability need, it
indivcates the need for local scarcity pricing since the presence of an RMR unit signals a shortage
of supply in a particular region. Prices in the local area of an activated RMR unit should rise, not
fall. However, since RMR units address local problems, the units will often fail market power
screens. Given the local market power, ERCOT mitigates the offer price. The result is that the
increased out-of-market capacity produces lower, not higher, prices. This distortion to price
formation affects the dispatch and prices for all other units in the local area, not just the RMR
unit. If mitigated, offers for RMR units should reflect the penalty value of resolv.ing the
constraint so as to not disturb the price signal.

RMR agreements occur wheh a generation unit announces its intention to exit the ERCOT
market, but ERCOT determines it must remain in service for a period of time because there is a

i

%8 ERCOT, “Annual TAC Review of the Market impacts of Reliability Unit Commitments,” January 26, 2017, available at:
http://www.ercot.com/content/wcm/key_documents_lists/107846/14._2017_Annual_TAC_Review_ of the_Market
_Impacts_of_RUCs_-_Final.pptx.
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shorté;ge of supply in the location of the unit to provide voltage support, stability, or
mahagément of transmission constraints.® The energy offers of RMR units are set at the
ERCOT system-wide offer cap ($9,000/ MWh) because the units are activated when the system
operator. has no other available market alternative to maintain reliability.”® Setting the RMR
offer price at the cap is also intended to insure that incremental dispatch of the RMR unit above
its lower scheduling limit does not displace the dlspatch of other resources. As long as the RMR
-unit remains at its low sustainable limit, other resourceﬁ will determine the energy price
outcore, and ERCOT also estimates the Reliability Deploym’e‘nt Price Adder with the intention
of augmenting prices to offset the impact of the RMR unit’s minimum geheration.71

Howevér, mitigation of the offers“of'aétivated,RMR units not only e